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PART II: PROCESS, continued
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CHAPTER X. ACID RECOVERY AND WASTE DISPOSAL

Highly radioactive aqueous waste solutions from the Purex process are
disposed of by storage in underground tanks. Aqueous wastes which are only
slightly radioactive are allowed to seep into the ground in specially con-
structed caverns. In the present chapter the disposal processes for the
aqueous and also gaseous and solid wastes are discussed and the procedures
outlined. The recovery of nitric acid from aqueous wastes--by distillatia--
before disposal is of substantial economic importance. The acid recovery
process is also treated in this chapter. The conditioning of "waste" solvent
for reuse has been discussed in Chapter IX. The equipment employed in acid
recovery and waste disposal is described in more detail in Chapters XI and
XIII, only brief functional descriptions being included in the present
chapter.

A. GENERAL

1. Acid Recovery

The Purex Plant is the first separations plant constructed at Hanford
with facilities provided for the recovery of the "salting" agent (nitric -
acid) used in the solvent-extraction operations. More than 80% of the ni-
tric acid present in the aqueous waste streams from the solvent-extraction
batteries is reclaimed in reuseable form. By recovering the nitric acid
salting agent instead of neutralizing it and routing the resulting neutral-
ized waste to undergrould-stora-ge,-ppreciable caustic and waste storage
savings are achieyed. At HW #3 Flowsheet processing conditions-,- about
5000 pounds of nitric acid, worth approximately $180, are recovered for
each ton of uranium processed in the Plant. To neutralize this acid, ap-
proximately 3200 lb. of NaOH, worth $130, and 1200 gdllons of waste
storage space, worth $500, would be required. Therefore, for each ton of
uranium processed in the Plant, chemical and waste storage savings of ap-
proximately $800 are realized by use of the nitric acid recovery facilities.
For an annual processing rate of 2880 tons of uranium per year (10 tons per
day at an 80% operating time efficiency) the above savings total approx-
imately $2,300,000. -

Recovery of nitric acid from the solvent-extraction wastes is achieved
by evaporating the wastes until an appreciable portion of the nitric acid
is distilled. The nitric acid vapors are then fractionated to produce 50
to 60% wt. per cent nitric acid suitable for use within the Purex Plant.

2. Disposal of Radioactive-Wastes

The radioactive wastes from the Purex Plant are treated and disposed
of so that they do not cause a hazardous pollution of the environs of the
Hanford Atomic Products Operation. Liquid wastes, such as solvent-extrac-
tion column wastes which contain appreciable quantities of radiomaterials,
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are stored, after concentration and nitric acid recovery, in large underground
tanks. Liquid wastes, such as steam and process condensates which contain only
trace quantities of radiomaterials, are discarded into caverns* from which the
water percolates into the ground with the accompanying sorption of residual
radiomaterials by the soil. Process cooling water, which is not normally con-
taminated, is continuously monitored to detect possible equipment failure and
is then discharged to a swamp, from which it seeps into the ground or is evapor-
ated. Gaseous wastes are treated to remove radioactive iodine and particulate
matter. The radioactive noble gases (xenon, krypton) are discharged to the
atmosphere where they are diluted to a, safely low concentration.

The waste disposal techniques currently in use are under constant study with
the objectives of determining the course of radiomaterials already released,
developing new methods which minimize the quantities of radiomaterials released,
and of minimizing the cost of waste disposal.

The following table, based upon processing of 90-day-"cooled", 600-MWD/ton
uranium at a 10 ton per day processing rate, presents composite data on the
Purex-Plant liquid wastes. A more detailed listing of the waste volunies, com-
positions, and disposal methods for the various Purex wastes is given in Tables
X-1 and X-2.

Type of Waste

Concentrated, neutralized,
high-activity process
waste (except coating waste)

Dissolver coating waste

Low-activity wastes (e.g.,
process condensate, steam
condensate, Waste Tank Farm
condensate, Vacuum Fract.
Barometric Condenser tail
water)

Cooling water

Sanitary wastes

Volume,
Gal.//Day

4480

2400

1,500,000

5,000,000

Curies/Gal.

560 gamma,
1300 beta

0.2

0 to 10-2

0 to 10- 7

Disposal Method

Underground
storage tanks

Underground
storage tanks

Caverns

East Area Swamp

Tile field

Tile fieldChemical sever wastes

*) The word cavern has recently been introduced to H.A.P.O. terminology for the
purpose of distinguishing between a cavern (large gravel pit, earth covered;
or covered vault, bottom open to ground) and a crib (buried box or horizontal
pipe, often tile filled).
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For each ten tons of uranium processed, approximately 4500 gallins of
concentrated, neutralized waste are routed to underground storage. These
wastes are "self-concentrated" (i.e., partially evaporated by the heat of
radioactive decay) until the wastes are reduced to a permanent storage volune
of 1200 gallons or less; tlh extent of self-concentration permitted is de-
termined by the temperature profile and boiling characteristics of each
tank. Assuming product losses of 1.25%, approximately 250 lb. of uranium
and the plutonium associated with it accompany this waste.

The coating wastes from 10 tons of uranium are contained in about 2400
gallons of solution-and are stored separately. Since they contain insuffic-
ient radioactivity to sustain self-concentration, these wastes may be trans-
ferred to existing low-cost storage tanks or routed to the ground after
scavenging by techniques currently being developed.

Daily, a total of 1,500,000 and 5,000,000 gallons of liquid waste .are
discharged to the caverns and swamp, respectively. For a 2880-ton U/year
production rate, an estimated 80 gamma curies of activity and 130 g. of
plutonium are sent to the caverns.

In the following table, the sources of the Purex-Plant gaseous wastes
are itemized with their approximate volumes and activities.

GASEOUS WASTES--PIANT EFFLUENT

Basis: 10 t. U/day of uranium irradiated to an integrated
exposure level of 600 1WD/T (514 g. Pu/ton U) at a
5.0-M/T pile power level and aged 90 days after
irradiation.

Approx.
Peak Vol.

Rate, Std.
Cu. Ft./Min.

Estimated Total
Activity/Day,

Beta Plus
Gamma Curies

Silver Reactor ef-
fluent (3 units)

Canyon air

Process and Condenser
Vent Header

Solvent Treattent
Vault, Recovered
Acid Storage Vault,
and PR Room vessel -

vents

Sample Gallery

Service area

%abemry

2,000

100,000

1,000

550

36,500

135,000

31,000

605*

10-6

10~5

To 241-A Stack via Off-
Gas Filter-(F-Al, etc.)

To 241-A-Stack via Ven-
tilation Air Filters

To Canyon Air Tunnels via
Off-Gas Filter (E-Fl)

To Canyon Air Tunnel

To local roof stack via
CWS (alternate) filter

To local roof stack via
CWS (alternate) filter

To local roof stack via
CWS (alternate) filter

0

0

Source Disposal

0

0
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*) Practically all of this is beta activity attributable to the
chemically inert gas krypton-85.

B. ACID RECOVERY PROCESS DESCRIP'ION

1. General

The recovery of nitric acid from the aqueous waste streams in the Purex
process results in a reduction in the volume of high-activity wastes which
must be permanently stored in underground tanks as well as a reduction in the
Plant's chemical (nitric acid and caustic) consumption. As indicated in Secticn
A above, both of these reductions provide appreciable economic savings.

The acid recovery equipment includes two concentrators, an acid absorber,
and a vacuum fractionator, together with accessory tanks and instruments. Proc-
ess flow diagrams of the acid recovery and waste neutralization operations for
the Purex Plant opierating at HW #3 Flowsheet conditions are attached as Figures
X-1, 2 and 3. Basically, nitric acid recovery is achieved by the use of a
doubledistillation of the "hotter" Purex solvent-extraction waste and a single
distillation of the "cooler" solvent-extraction wastes. The acid vapors from
the concentration of-the "hotter" waste (HAW) are totally condensed and com-
bined with the "cooler" solvent-extraction wastes for a second distillation.
Nitric acid is absorbed from the decontaminated dilute acid vapors from the
second concentration and is vacuum fractionated to produce approximately 60 wt.
per cent acid which is reused in the Plant. The concentrate from the "hot"
waste evaporator is neutralized and routed to waste storage as discussed in
Section C, below.

Acid recovery from the highly radioactive HAW waste stream is accomplished
in the No. LAcid Concentrator. Here, a continuous concentration takes place
producing a partially decontaminated, low-acidity overhead vapor and a high-
acid concentrate (IWW) which contains essentially all- the fission-product radio-
activity which enters the Plant in the irradiated fuel elements. The concen-
trate is discharged to sampler and receiver tanks, neutralized, and sent to
underground storage tanks. The overhead vapors (14D) are condensed and com-
bined with other low-activity streams (lAW, 2AW, 2IM) in the Acid Accumulator
Tank, the composite stream (2WF) being continuously concentrated in the No. 2
Acid Concentrator. The concentrate (2MW) from this operation is routed to
the Acid Recycle Tank for reuse in the process. The dilute acid overhead
stream (2wD) from the concentrator is fed as a vapor to the Acid Absorber.
Here, absorption occurs, producing a 30% nitric acid effluent and a low-acidity
(0.01 L) decontaminated condensate suitable for discharge to caverns. The 30%
acid product is charged (after sampling for radioactivity) to the Vacuum
Fractionator for further concentration to produce 60% nitric acid product.*

*) The Vacuum Fractionator will not be available during Purer start-up opera-
tions. Until it becomes available, the stripping section of the acid
absorber will be operated--thus providing both absorption and stripping
operations--to produce a 60% nitric acid product from this unit operating
at essentially atmospheric pressure.

Sn SW
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The low-acidity overhead vapors from the Vacuum Fractionator are combined
with raw water in a barometric condenser and the combined stream is sent to
a cavern for disposal.

Two methods of handling the waste concentrate from the "cold" waste
evaporator (2WW) have been shown on Figures X-1, X-2, X-3. For the preferred
flowsheet conditions (HW #3 Flowsheet) shown on the figures, the 2WW is
routed back to the Dissolvers or Centrifuge Feed Tanks (via the Acid Re-
cycle Tank and the Waste Rework Tank), where the acid is used either to dis-
solve uranium or to provide the needed HAF salting strength.* This mode of
operation automatically recovers any uranium and plutonium lost in the
aqueous wastes from the "cooler" solvent-extraction cycles. For the alterm -
tive flowsheet conditions shown on the figures, the 2WW is routed back to
the No. 1 Concentrator, where it is combined with the HAW for concentration.

2. Concentrators

2.1 Description

The No. 1 and No. 2 Concentrators (E-F6 and E-Fl-l) are of a vertical-
tube, thermal recirculation type, and include a seven-tray (bubble-cap)
tower and a packed section for de-entrainment. Each evaporator is equipped
with two vertical-tube heat-exchanger tube bundles, the pair being designed
for a normal duty of 38,000,000-B-t.u./hr. Since the heat-exchange surface
is subject to relatively high corrosion rates, the tube bundles have been
designed to permit remote replacement.

Process liquid passes up inside the tubes of the evaporator bundles,
while steam condenses on the outside of the tubes. The steam supplied to
the bundles is limited at 40 lb./sq. in. gage to prevent the high-tempera-
ture nitric acid-organic reactions similar to those discussed in Chapter
VII. Seal pots are used on the system to limit pressure or vacuum obtained
in the concentrator.- These seal pots are vented to the Air Tunnel to mini-
mize cell contamination from seal pot "blowing".

Liquid holdup in the reboiler is about 3200 gallons, producing an
average residence time of approximately 50 hours at a 60-gallon-per-hour
(10 t. U/day) concentrate removal rate.

The No. 1 Acid Concentrator Condenser (E-Fll-2) is a shell-and tube
surface condenser located in a horizontal position at the top of the con-
centrator. It is designed for a duty of 25,000,000 B.t.u./hr. The No. 2
Acid Concentrator, E-F6, does not utilize a condenser as the vapor from
that unit is routed as a vapor feed material to the T-F5 Acid Absorber.

*) At the time of writing, the effects of backcycling 2WW to the Dissolvers
on the subsequent solvent-extraction column operation has not been determined.
Studies are currently planned in the Hot Semiworks to demonstrate this waste
back-cycling step.
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The acid concentrators and condensers are identical to the uranium con-
centrators and condensers. More detailed descriptions of these units are
given in Chapters VII and XIII.

2.2 Concentration

The Purex continuous concentration facilities and accessories are designed
to recover a maximum of the acid present in the solvent-extraction waste
streams without contaminating either the recovered acid or by-product conden-
sate with entrained or volatilized fission products. As previously mentioned,
the "warm" and "aJot" wastes from the solvent-extraction operations are sub-
jected to single and double distillations, respectively. The flow pattern for
the acid recovery operations is described in Subsection Bl, above, and is
shown in Figures X-1, 2, and 3.

For a processing rate of 10 tons of uranium per day at HW #3 Flowsheet
operating conditions the heat loa s on the No. 1 and No. 2 Acid Concentrators
will be about 4 x 106 and 17 x 109 B.t.u./hr5 , respectively. These values are
well within the design capabilities (38 x 106 B.t.u./hr.) of the two-bundle
reboiler.

The heat-transfer coefficients expected (see Chapter VII for details) in
the Acid Concentrators range from 120 to 400 B.t.u./(hour)(square foot)(*F.
temperature difference) at equivalent processing rates from 4.5 to 18 tons of
uranium per day. At operating rates of about 10 tons U per day, a coefficient
of about 300 is expected.

2.3 Prevention of rapid nitration of TBP

As discussed in Chapters IT and VII, mixtures of TBP and aqueous nitric
acid solution, when heated to temperatures in excess of 140*C., react with
varying srSy of vigor, depending on the exact composition and heating con-
ditions. I At extreme conditions the reaction may prdbeed with dis-
ruptive violence. Large amounts of uranium, and probably also the presence of
some TBP decomposition products ("red oil"), tend to promote reaction. To insure
safe operation of the waste concentrators, the following operating safeguards
have been incorporated in the design of the concentration equipment:

(a) Specific-gravity dip tubes have been installed in the concentrator
feed tanks (Acid Recycle Tank and Acid Accumulator) to detect the
presence of abnormal accumulations of solvent. After detection, the
solvent may be jetted to the Utility Tank (TK-F13) for disposal.

(b) Instruments have been installed in the waste concentrators to detect
overconcentration of the waste. When the Soiling temperature of the
waste rises from its normal range of 1120 to 1150C. and reaches 130*C.,
an alarm is actuated, and when the temperature reaches 1380C., the
steam is automatically shut off. A secondary control automatically
shuts off the steam to the reboiler when the.steam pressure reaches
39 lb./sq. in. gage (140*C. steam temperature).
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2.4 De-entrainment

Entrained droplets of the concentrated acid solution must be removed from
the overhead vapors during concentration operations in order to minimize
contamination of the recovered acid by radioisotopes. The bubble-cap trays
and packed section in the towers surmounting each concentrator perform this
function during the concentration operation. A concentrate-to-condensate de-
entrainment factor of about 105 is required to minimize radiation probl ms
associated with the reuse of the recovered acid. Semiworks experiments 28)
on a 6 -in.-diameter pilot-plant column at superficial rates corresponding to
from 3 to 20 tons U/day indicate that de-entrainment factors of about 4 x 105
should be attainable in the concentration and de-entrainment operations.

The concentration and de-entrainment equipment is designed on the
premise that all fission products present in the feeds to the concentrators
are non-volatile, thereby permitting the activity level in the recovered
acid to be limited only by entrainment. In addition to the "spectrum"
activity contributed to the recovered acid by entrainment, however, rutheni-
um can volatilize during acid recovery operations and thus present another
major contribution to the radioactivity of the recovered acid. Although
data on ruthenium volatilization from concentrated waste solutions are some-
what anomalous, laboratory and pilot-plant studies indicate that ruthenium
volatilization may be a function of the following variables:

(a) The nitric acid concentration of the concentrated waste.

(b) The type of concentrator heating surface employed (e.g., hot bare
surface vs. submerged coils).

(c) The length of time the concentrated waste is maintained at the
boiling temperature.

(d) The concentration of other ions such as nitrite, sulfate, iron,
etc. (Nitrite ion apparently inhibits ruthenium volatilization.)

Ruthenium volatilization has been encountered in laboratory concentra-
tion studies at bottoms nitric acid concentrations above 6 to 10 M, the
exact volatilization-threshold HNO3 concentration varying with boiling time
and other experimental conditions. In the vertical-tube natiral-recircu-
lation evaporators employed as the Purex waste concentrators, it is be-
lieved that serious ruthenium volatilization will not be encountered at
nitric acid concentrations below 8 M.

3. Acid Absorber

3.1 Description

The T-F5 Acid Absorber is an atmospheric-pressure, 15 bubble-cap tray
tower. The top section, containing T trays, is 10 feet in diameter and the
lower section is 3-1/2 feet in diameter. The reboiler is an internal,
vertical-tube bundle with a large center ainnlus to allow thermal recircu-
lation'. This tower was originally designed to operate as an atmospheric-

tL
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pressure fractionator, producing a 60 per cent nitric acid product. Since,
subsequent to the original design, excessive corrosion was encountered in a
similar fractionator in the U03 Plant (Building 224-U) when operated at at-
mospheric pressure to produce 60% nitric acid, the original Purex fractionator
design was modified: the original fractionator (now Acid Absorber T-F5) is
now capable of operating either (a) as an atmospheric-pressure fractionator
(with the reboiler heated with steam); or (b) as an absorber, not utilizing
the reboiler or stripping section. When the unit is operated as an absorber,
instead of producing the more corrosive 60 per cent nitric acid, it produces a
30 per cent acid stream, to be concentrated further to 60% in a vacuum frac-
tionator being designed at the time of writing (discussed in Subsection 4, below)

Reflux to the Absorber is normally supplied by a fixed weir on the con-
denser which routes 25% of the gross overhead condensate (1/3 of the net con-
densate) back to the absorber. A demineralized-water addition line is available
to provide additional reflux if required. Vapor feed enters below the 7th
tray from the top.

Since any chloride ion carried overhead during waste concentration ac-
cumulates in the 15 to 25 per cent nitric acid (liquid) region of the tower,
chloride purge lines have been provided on the 10th, l1th, and 12th trays from
the bottom (i.e., the 2nd, 3rd, and 4th trays up from the vapor feed point).
A more detailed description of the Acid Absorber is given in Chapter XIII.

3.2 Absorption

The acid (ca. 10 wt. %) vapors from the No. 2 Acid Concentrator are
routed to the Acid Absorber where nitric acid is recovered as a 30 weight per
cent product by sn absorption (enriching) type operation involving counter-
current contact of the acid-containing vapors with a reflux stream of water.
The vapor feed enters the absorber above the 8th plate from the bottom of the
tower. (The seven lower plates not used when unit is operated as an absorber.)
The vapors then rise through the remaining seven trays countercurrent to the
reflux liquid. The nitric acid content of the vapor is lowered with each
bubble-cap tray contacted, while the liquid phase becomes richer in nitric acid
as it progresses downward through the tower.

3.3 Operating diagram

An operating diagram for the Acid Absorber is presented as Figure X-4.
The diagram shows the course of vapor and liquid-phase composition changes
in the absorber, along with the equilibrium relationships. It may also be
useful in determining the effects of. processing changes on effluent-stream
compositions.

Figure X-4 illustrates the operating diagram for the Acid Absorber when
processing 476,000 lb. of 10 weight per cent nitric acid vapors per day to
produce 158,000 lb. of 30 wt. per cent product and 339,000 lb. of 0.02 wt.
per cent nitric acid product condensate. For the operating conditions depicted,
reflux to the top tray of the tower is -controlled at 135,000 lb. per day. This
ref lux is supplied from two sources; the major portion (113,000 lb./day) is supplied
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from the condenser while a secondary reflux flow of 22,000 lb. per day is
supplied from the demineralized-water header.

The McCabe-Thiele method, discussed further in Robinson and Gilliland, (2)
has been employed in calculating the operating diagram of Figure X-4. It has
been assumed that the molal rates of liquid and vapor flows in the column are
constant from plate to plate in the column except as changed by the addition
or withdrawal of material from the column. This condition of constant
molal flow (constant molal liquid and vapor rates) is hypothetically achieved
if the molal latent heats of vaporization of water and nitric acid are as-
sumed equal. Actually the latent heats of vaporization for nitric acid and
water are 13,000 and 17,800 B.t.u./lb. mole, respectively. To produce the
effect of making the molar latent heats equal, a modified approach is re-
quired in developing the operating diagram. Instead of using 18 as the mo-
lecular weight of water in calculating -the equilibrium and operating lines,
a pseudo-molecular weight of 13.2 (e.g., 18 x 13,000/17,800 = 13.2) is used
in calculating all the pseudo-mole percentages shown on Figure X-4 (X and Y
values).

The vapor-liquid equilibrium curve for nitric acid, at essentially at-
mospheric pressure, is shown as curve D-E of Figure X-4. The operating
line, A-C, which indicates the' relation between the composition of the va-
por leaving a plate and the composition of the liquid descending from the
plate next above, is obtained by a simple material balance around the unit.
For the operating conditions specified above, the following operating-line
equation may be developed:

Yn = 0.276 Xn+i + 0.0155

where Yn = pseudo-mole per cent nitric acid in the vapor leaving
the nth plate from the bottom of the tower;

Xn+l = pseudo-mot per cent nitric acid in liquid leaving
the n + 1 plate from the bottom of the tower.

This equation is plotted on Figure X-4 as the operating line, A-C.

Employing a conventional graphical step-off on the diagram (shown by
dotted lines) a requirement of between 2 and 3 theoretical plates is in-
dicated to be required to achieve the desired fractionation. In actual
practice, however, a bubble-cap tray is generally not equivalent to a the-
oretical tray. Consequently, in the actual Plant Acid Absorber a total of
8 bubble-cap trays is provided to achieve the required 3 theoretical plates
on the assumption that the plates provide an "over-all" efficiency of about
30%. The probable conditions existing on each bubble-cap tray have been
approximated, assuming a 60 per cent Murphree plate efficiency* for each

) Murphree plate efficiency is defined as:

0 i-Yo
MV ~ Yj-y*

where YiYo = average composition of the vapor entering and
leaving the plate, respectively; and

Ye* = the composition of vapor in equilibrium with liquid
flowing to the plate below.
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plate, and are shown as the solid-line steps of Figure X-4.

3.4 Chloride removal

Trace quantities of chloride ion are expected in the feed to the Absorber.
This material enters the Plant as impurities in the various chemicals charged
to the Plant. Since HC1 is more volatile than HN03 in concentrated HNOo sol-
utions, it is boiled up from the concentrated nitric acid solutions; since it
is less volatile than nitric acid in dilute solutions, it is returned with the
reflux to the middle of the tower and an accumulation of HC1 takes place in
the liquid in that portion of the tower where 15 to 25 per cent nitric acid
occurs. Since (as discussed in Chapter XVI) appreciable corrosion of the tower
would be encountered whenever the chloride ion builds up to concentrations
greater than 200 to 500 p.p.m. in this concentration of nitric acid, purge lines
have been installed on the tenth, eleventh, and twelfth trays from the bottom
of the tower. The methods used to purge chloride from the column are discussed
in G1.4, below.

4. Vacuum Fractionator

4.1 Description

The Vacuum Fractionator (T-U6) is currently being designed. Subject to
firming up of the design, it is a 14 -tray bubble-cap tower, eight feet in di-
ameter and 31-1/2 feet tall. It is intended to be installed in a controlled
zone outside the Building 2Q2-A Acid Storage Vault. This fractionator is -
equipped with an external vertical-tube reboiler section designed for thermal
recirculation. Heat to the reboiler is supplied by 40-lb./sq. in. gage steam
pressure on the steam chest. The maximum heat duty for the reboiler is about
1.2 x 107 B.t.u./hr. The fractionator is operated under vacuum to reduce cor-
rosion rates for those portions of the fractionator handling concentrated acid.
An absolute pressure of 100 mm. of Hg is developed at the top of the tower by
a two-stage steam jet system acting in parallel with a barometric condenser
(see Figure X-2) . The Vacuum Fractionator feedstock is nitric acid solution
(30 wt. per cent) from the T-F5 Acid Absorber, and is introduced on the fifth
plate from the bottom of the tower. Purge facilities are provided for chloride
removal from plates covering the 7 to 30 per cent nitric acid composition
range (6th, 7th, 8th, and 9th plates from the bottom of the tower). Demineral-
ized water is added at the top of the tower for reflux. Additional information
on the Vacuum Fractionator is presented in Chapter XIII.

4.2 Fractionation

The 30 wt. per cent acid from the Acid Absorber is monitored for radio-
activity and acid content, then sent to the Vacuum Fractionator for recovery
of the nitric acid as a 60 weight per cent product. The liquid feed normally
enters the Vacuum Fractionator on the fifth tray (the juncture between the
upper and lower sections) although alternate addition points on the 6th and
7th plates from the bottom are provided. The liquid feed is joined by the lia-
uid descending from the plates above the feed point and the composite stream

&K--N a
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then flows downwards to the reboiler. Here a fraction of the liquid is
vaporized and rises through the tower countercurrent to the descending
liquid, the balance of the liquid being withdrawn as product. The vapors
leave the top of the tower and are condensed in the Barometric Condenser,
E-U6-1.

4.3 Operating diagram

A McCabe-Thiele operating diagram for the Vacuum Fractionator, similar
in many respects to the operating diagram presented for the Acid Absorber
in B3.3, above, is presented as Figure X-5. The diagram depicts processing
conditions typical of those likely to be encountered in the Vacuum Fraction-
ator when processing ten tons of uranium daily by the EW #3 Flowsheet. The
30 weight per cent nitric acid solution from the Acid Absorber is introduced
at 25 to 350C. on the fifth tray from the bottom of the tower at a 162,000-
lb./day rate. Approximately 79,000 lb./day of 60 per cent nitric acid is
withdrawn from the reboiler, while 110,000 lb./day of 0.01 wt. per cent
(pH approx. 2.7) condensate is routed to the barometric condenser. Demin-
eralized water is introduced to the top tray of the tower as reflux at a
rate of 27,000 2b./day.

In developing the Vacuum Fractionator operating diagram a pseudo-
molecular weight of 13.2 for water was used in calculating mole percentages,
for the reason previously indicated in the development of the operating
diagram for the Acid Absorber in B3.3, above. The diagram may be employed
to determine the composition of liquid and vapor on successive plates, and
also indicates the number of plates required. The vapor-liquid equilibrium
curve for nitric acid at the tower operating pressures is shown as curve G-E.

On Figure X-5 the over-all operating line for the Vacuum Fractionator
is broken into two distinct lines: one operating line applying for the
upper section of the tower, the other line depicting operating conditions
in the lower section. The operating line for the upper section is repre-
sented by curve A-B of Figure X-5 and is represented by the equation:

Yn = 0.2435 Xn+l + 0.0027

where Yn = the pseudo-mole per cent nitric acid in the vapor
leaving the nth tray above the teed tray;

Xn+l = the pseudo-mole per cent nitric acid in the liquid
leaving the n + Ith tray above the feed tray.

The lower-section operating line is represented by the curve B-D and the
equation:

Ym = 1.34 Xm + 1 - 8.11

en0
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where Ym = mole per cent nitric acid in the vapor leaving
the mth tray above the bottom of the column;

Xm+l = mole per cent nitric acid in the liquid leaving
the m+ith tray above the bottom of the column.

The heat content of the feed grossly affects the operating characteris-
tics of a distillation tower. To a 9 count for such effects the concept of
the "a" line (as discussed in Perry 1)) has been developed for use with the
McCabe-Thiele diagrams. In this concept, "q" is considered to be the heat re-
quired to bring one mole of feed from inlet to feed -plate temperature and to
vaporize it, divided by the molal heat of vaporization of the feed, and the
slope of .the "%" line becomes q/(q-1). In a compound tower such as the Vacuum
Fractionator, the intersection of the upper and lower-section operating lines
must fall on the "" line. For the specific Vacuum Fractionator conditions de-
picted on Figure X-5, where cold liquid feed is introduced to the tower, q" is
1.095 as indicated by line C-B.

The theoretical plate requirements for each section of the fractionator
are indicated in the conventional stepwise manner for McCabe-Thiele diagrams.
The figure indicates a theoretical plate requirement of slightly greater than
two for either the upper or lower section. However, since each bubble-cap tray
provides an "over-all" efficiency about 30% that of a theoretical tray during
actual operation, 5 bubble-cap trays plus the reboiler are provided in the
stripping section and 9 bubble-cap trays are provided in the rectifying section.
On Figure X-5 the actual conditions existing on the various bubble-cap trays
are approximated by the steps drawn in solid lines. In developing the steps
shown, Murphree plate efficiencies (see B3.2 for definition) of 60% and 45% for
the upper and lower sections, respectively, were assumed. (Last minute changes
in the design of the fractionator have added two trays. Thus Figure X-5
should show a total of 14 trays and produce a condensate with slightly less than
0.01 weight per cent acid.)

Trace quantities of chloride ion may be introduced into the Vacuum Frac-
tionator in the 30 per cent acid feedstock. Since the chloride ion concentrates
in solutions containing about 15 to 25 per cent nitric acid at the tower op-
erating pressures, chloride ion will accumulate at about the 6th tray from
bottom. Provisions have been made to bleed material from the 6th, 7th, 8th,
and 9th trays to purge the chloride ion when it has built up to a corrosive
concentration (about 200 to 500 p.p.m.). The purging procedure is discussed
in Gl.5, below.

5. Acid Rework and Recycle

5.1 Acid recycle

For reasons of process economy, the concentrate from the No. 2 Acid
Concentrator (2WW) is routed to the forepart of the process (Dissolvers or
Centrifuge Catch Tank) for use as "butt" or dissolving acid instead of com-
bining it with the HAW for concentration in the No. 1 Acid Concentrator.
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Before the 2WW may be used to "butt up" dissolver solution, any TBP or TBP
decomposition products (e.g., DBP or MBP) which adversely affect solvent-
extraction column performance must be removed from the waste or converted to
an innocuous form. In the Waste Rework Tank (TK-F8) the concentrate may be
boiled for sustained periods under total reflux in order to hydrolyze the
butyl phosphates present to phosphoric acid. Data(30) indicate that essenti-
ally complete hydrolysis of dissolved TBP is obtained by boiling an 8 M
nitric acid solution for 10 to 15 hours under total reflux.

5.2 Acid rework

During "off-standard" periods of operation of the Plant, abnormally
high concentrations of plutonium and uranium may be-found in the concentrate
from the No. 1 Concentrator when sampled in the Concentrate Sample Tank
(TK-F15) . Such off-standard wastes are routed to the Waste Rework Tank
where they are boiled to hydrolyze TBP in the manner discussed for recycle
acid in B5.1, above. After the hydrolysis treatment is completed, the
plutonium and uranium is recovered by routing the treated concentrate to
the Dissolvers or Centrifuge Catch Tank for combination with dissolver
solution and reprocessing through the solvent-extraction batteries.

5.3 Waste Rework Tank

The Waste Rework Tank (TK-F8) and its Condenser (E-F9) are used for
the treatment of waste concentrates which are reprocessed through the
Plant. (See B5.1 and 5.2 above.) The tank is 10 feet in diameter, 9
feet 3 inches high, with a 5000-gallon capacity. It is equipped with 2-
inch-diameter coils having a heat-transfer area of about 320 sq. ft.
(total coil length of 520 feet) for heating or cooling the tank contents.
The maximum heat duty during the heating cycle is about 3,500,000 B.t.u./
hr. Chemicals may be added to the Waste Rework Tank via the Waste Rework
Add Tank (TK-204), if required.

C. PLANT LIQUID WASTES

1. General

There are three distinct groups of liquid process wastes from the
Purex Plant and special waste handling and disposa l procedures are em-
ployed for each of these waste groups. Included in the first group are
the high-activity wastes (e.g., solvent-extraction column waste concen-
trates) which are concentrated, neutralized and routed to underground
tanks for storage (and further concentration). The second group includes
the low-activity wastes which are routed to underground caverns to perco-
late into the soil. Included in this group are the various process and
steam condensates. These wastes are routinely monitored for radioactiv-
ity to prevent the discharge of abnormally high concentrations of fission
products to the soil during periods of off-standard operation. The third
group consists of those wastes such as condenser and jacket cooling water
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which normally contain no radioactivity but could under abnormal circumstances
contain radioactive materials. These negligible-activity wastes are discharged
to the 200 East Area swamp. Each of the three waste groups is discussed fur-
ther below.

2. High-Activity Wastes

2.1 Definition of the problem

In the Purex Plant, the aqueous wastes from the solvent-extraction columns
contain essentially all of the original feed radioactivity. They are continu-
ously (a) routed to either the No. I or No. 2 Acid Concentrator, (b) composited
with other wastes, and (c) concentrated to a small fraction of their original
volume to recover nitric acid and to reduce the volume of waste sent to under-
ground storage. As a result of these operations, the non-volatile components
of the aqueous wastes are eventually concentrated into one stream, a bottoms
concentrate of the No. 1 Concentrator (IWW). This concentrate is neutralized
with caustic and the organic-treatment-column sodium carbonate waste (IOW),
combined with the Feed Centrifuge slurry, and then routed to underground stor-
age. At the Underground Storage Tank Farm, facilities are provided to permit
further concentration of the stored wastes. This concentration is achieved by
using the heat generated by the decay of the fission products in the stored
waste.

In addition to the main neutralized waste a second "hot" waste is routed
to underground storage tanks from the Plant. This waste is the alkaline solu-
tion resulting from the caustic removal of the aluminum jackets from the
uranium slugs. Separate routings are provided to permit segregation of the
coating wastes from the main neutralized waste, so that they may later be
stored in low-cost tankage or scavenged and routed to the soil if future tech-
nology permits.

Pertinent data for all of the high-activity wastes from the Purex Plant
discussed briefly above are listed in Table X-2. The weights of the major
components indicated are based on an average processing rate of 8 tons U per
day. Radioactivities are based on an assumed irradiation of natural uranium
to an integrated exposure level of 600 MWD/T achieved by 120 days pile expo-
sure, followed by 90 days "cooling". The wastes listed on Table X-2 are di-
vided into four major subdivisions (according to their routings); i.e., No. 1
Acid Concentrator Feed, No. 2 Acid Concentrator Feed, Neutralizer Feed, Under-
ground Storage Tank Feed. These, in turn, are subdivided into the individual
waste stream components. Process flow diagrams for the high-activity waste
portion of the Plant are shown on Figures X-1, 2, and 3.

2.2 Neutralization

Prior to storage in the underground tanks, the concentrated waste solu-
tion from the No. 1 Acid Concentrator (listed under Item C, Table X-2) is
neutralized. Neutralization of the acidic waste is accomplished by use of 50
weight per cent caustic solution plus the sodium carbonate solution from the
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organic-treatment columns (IOW). The optimum pH of the neutralized waste
sent to storage is about 8 to 9, at which level (a) tank corrosion is mini-
mized, (b) the excess salt added to the tank is small, and (c) a solution
potentially suitable for future w ste fission-product scavenging operations
is provided. Corrosion studies (8 indicate that the pH of the neutralized
wastes should be greater than 7 to minimize corrosion of the mild-steel
liners in the underground storage tanks.

The major portion of the caustic or sodium carbonate employed in the
neutralization step is required for the neutralization of the nitric acid
in the concentrated, acidic waste (IWw). A small amount is involved in
reactions with the iron and uranium salts. The major components of the
IWW are neutralized according to the following reactions:

HN03 + NaOH - NaNO3 + H20

2HN03 + Na2C03 - 2NaNO3 + CO2 + H20

HNO3 + Na2C03  : NaNO3 + NaHCO3
6HN03 + Na4UO2(003)3  - 4NaNO3 + 3CO2 + UO2 (NO3)2 + 3H20

2UO2 (NO3)2 + 6NaOH -a Na2U207 + 4NaNO3 + 3H20

Fe(N03 )3 + 3NaOH - Fe(OH)3 + 3NaNO3
Fe 2 (S0 4 ) 3 + 6NaOH - 2Fe(OH)3 + 3 Na2SO

The heat of neutralization ranges from 450 to 650 B.t.u. per gallon of
neutralized waste (at 2.2 M NaNO3), depending on the relative amounts ofcaustic and carbonate utilized.

2.3 Underground storage facilities

Volumes of wastes produced by the Purex process per ton of uraniumprocessed are small compared to those from the older separations plants.Approximately 690 gallons of waste are routed to the underground storagetanks per ton or uranium processed (450 gallons/ton of neutralized wasteand 240 gallons/ton of coating waste). Essentially all of the fissionproducts originally present in a ton of irradiated uranium are containedin this relatively small volume of neutralized waste. Thus, the fission-product concentrations--and, hence, the heat generated per unit volume ofwaste by radioactive decay of the fission products--are appreciably greaterthan those previously encountered in other H.A.P.O. separations plants. Atexpected Plant processing rates the amount of heat generated in the tanksis great enough to produce boiling in the tanks and even evaporate thewastes to dryness if the operating conditions permit.

The Purex tank farm has been designed (a) to allow the stored wastesto boil, (b) to condense the resultant vapors, and (c) to achieve controlledself-concentration of the wastes. Vapors from the underground tanks are

t
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routed through a vapor header and a de-entrainment vessel to a buried contact
condenser in which vapor from the tanks is condensed by direct combination with
cooling water. The combined stream is routed to underground caverns for dis-
posal. Raw water may be metered into the storage tanks to control the degree
of self-concentration effected. Facilities are provided to maintain a negative
pressure on the tanks and the vapor-handling system.

2.31 Description of underground waste facilities

The 241-A Underground Storage Tank Farm, shown on a plot plan in Chapter
XI, is located approximately 1500 feet northeast of the 202-A Building. A
total of six million gallons of storage space is provided by six tanks.

Facilities are provided to permit the filling of each of the six tanks
individually instead of cascading the tanks as in the older Hanford farms. The
tanks have been built in two rows of three each, the elevation of the first
tank in a row (e.g., Tank 101 or 104) being one foot higher than the second and
two feet higher than the third tank. The three tanks in each row are inter-
connected by "trapped" seal-leg overflow lines to permit overflow to the second
and third tanks in case of overfilling of the first (or second) tank. The seal
legs in the overflow lines (filled by external water lines) are provided to
prevent cross venting of the tanks during self-concentration operations. The
second row of tanks (Tanks 104, 105, and 106) is one foot lower than the first;
an overflow is provided from the last tank of the first row (Tank 103) to Tank
106, the low tank of the underground farm. Each of the tanks is constructed
of reinforced concrete with mild-steel liners on the bottoms and sides. They
have an inside diameter of 75 feet and a straight-side height of 32 feet 4
inches. Each tank has a capacity of 1,000,000 gallons.

In addition to the overflow lines, each tank is provided with the follow-
ing:

(a) Two 3-inch stainless-steel, Schedule 10, fill lines from Diversion
Box 241-A-152.

(b) One 3-inch steel, Schedule 40, water addition line.

(c) One 20-inch steel, Schedule 80, vapor line discharging through a
seal loop into the 24-inch main vapor header.

(d) A pump pit. A 42-inch blanked sleeve terminates in the pit. The
pit will permit installation of a pump at a later date, if required
for the transfer of solution from the tank. A 4-inch steel, Schedule
80 pipe connects the pit to Diversion Box 241-A-152..

(e) A pressure indicator and alarm.

(f) A weight-factor indicator and alarm.

(g) A conductivity-type level indicator.

pt..7k4,
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(h) A "T"-shaped probe for testing the consistency of the tank contents.

(i) Thermal elements located in a vertical thermowell extending through
the contents of the tanks.

(j) Access manholes, spare risers, and spare pipe stubs.

In addition to the thermal elements installed within the tanks, three
groups of thermocouples are installed to determine ground temperatures near
the Tanks 101 and 102. (See C2.33, below.)

Shielding from the radioactivity in the tanks is provided by a one-foot-
thick concrete dome on the top of each tank plus at least seven feet of
earth backfill. The vapors produced by the boiling wastes discharge throug-
a vapor collection header (between the two rows of storage tanks) to a
buried de-entrainment vessel and then to the contact condensers described
below. The de-entrainment vessel is a cyclone separator designed to re-
move entrained liquid carried by the vapor if violent boiling or eruptions
occur in the tanks. (See C2.32, below.) The de-entrainment vessel drains
by gravity flow through a seal loop to Waste Storage Tank, TK-lO6.

The contact condensers are baffled chambers wherein the vapors directly
contact the cooling water and are condensed, as in a barometric-type con-
denser. Vapors enter the bottom and cooling water flows in at the top. Two
condensers (E-411 and E-412) are installed in parallel, each of which has
sufficient capacity (15 x 106 B.t.u./hr. normal duty and 75 x 106 B.t.u./hr.
peak duty) to carry the entire tank farm load. Cooling water is provided
by a 6-inch line. During short emergency periods raw water may be provided
through a 10-inch line connected to the 201-A Head Tank. Water flow to the
condenser is controlled by both effluent temperature and vapor header pres-
sure. The normal water flow rate of about 400 gallons per minute is con-
trolled by the temperature of the condenser effluent water. If an abnormally
high short-period boiling rate causes an increase in pressure in the boiling
tank, the pressure increase is detected by a pressure-sensing element which
in turn rapidly opens a valve in the water inlet line, allowing flows up to
3000 gallons per minute of water to enter the condenser. The condenser ef-
fluent is discharged to the 216-A8 Cavern after passage through a propor-tional sampler. Venting of the condensers is achieved by the use of two
exhaust fans, a vapor de-entrainment vessel, and a stack located in the
southeast corner of the tank farm. One fan is an installed spare.

Isolation and pressure protection of the equipment in the 241-A Tank
Farm is provided by an elaborate seal system incorporated to maintain the
waste storage tanks within their design pressure limits; viz.:

Pressure Vacuum

Full tanks 6.5 lb,/sq. in, ga. 3.7 lb./sq. in. ga.

Empty tanks 9.1 lb /sq in a 6 in t (
w rgage)
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The seals include the following:

(a) A 6-inch water leg is provided in the vent line from each tank to
the vapor collection header.

(b) A 9-inch water leg is provided in each of the 6-inch overflow lines
between tanks.

(c) A 4.2-inch water pressure and/or 6-inch water vacuum seal is pro-
vided between the vapor vent header and a 24-inch emergency relief
header connecting directly to the tank farm stack.

(d) A 48-inch water isolation seal is installed between the vapor header
and each of the contact condensers. This seal is employed only when
condenser maintenance is required.

Diversion boxes permit the diversion of waste solutions to desired con-
necting lines.through jumper connections and include "stubbed off" connections
which permit routing of solutions Vto future facilities. Two diversion boxes
are incorporated in the Purex disposal system. One diversion box is designated
241-A-151 and is located adjacent to the south side of the 202-A Building; the
other diversion box is designated 241-A-152 and is located adjacent to the east
side of the 241-A Tank Farm.

Diversion Box 241-A-151, outside the 202-A Building, serves a number of
process functions. In addition to providing connections for routing high-
activity process wastes to the 241-A-152 Diversion Box, connections are pro-
vided for diverting organic waste directly to the 216-A2 Cavern system, and
laboratory and cell-drain waste to the 216-A4 Cavern. Drain and wash solutions
from this box are collected in the 241-A-302A Catch Tank. Diversion Box
241-A-151 has lines connecting it to the following equipment locations in the
202-A Building.

Metal Solution Tank A (TK-D3)
Metal Solution Tank B (TK-D4) Connections for
Metal Solution Tank C (TK-D5) future outside
Slurry Tank (TK-El) facility
Centrifuge Feed Tank (TK-E3)

Decontamination (2 lines) (TK-MI)
Neutralizer (2 lines) (TK-F16)
Coating Waste (3 lines) (TK-D2)
IOW Tank (TK-G2)
ITO Wash Collection (TK-G8)
20 Col., 2TO Wash Collection Tank (TK-R2 and TK-RB8)
Utility Tank (2 lines) (TK-F13)
2TO Tanks A and B (TK-R5 and TK-RT)
ITO Tanks A and B (TK-G5 and TK-G7)
Cell Drain Collection (2 lines) (TK-Fl8)
Lab. Waste Receiver Tanks (2 lines) (TK-U3 and TK-U4)
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The 241-A-152 Diversion Box serves to route the underground storage
wastes from the 241-A-151 Diversion Box to the individual storage tanks.
In addition, it provides connections for transferring waste solution from
one storage tank to another tank in case a leak develops in any storage
tank. The sump in this pit is syphoned to the 216-A7 Cavern in lieu of a
catch tank. The sump is equipped with liquid-level instrumentation, a
sampler riser, an overflow, and an automatic-sewer-type syphon.

Nineteen test wells are located among the waste storage tanks and
caverns as follows:

241-A Tank Farm 5 test wells
216-A2 Organic Cavern I test well
216-A4 Laboratory and Cell Drain Cavern I test well
216-A5 Process Condensate Cavern 5 test wells
216-A6 Steam Condensate Cavern 2 test wells
216-A7 Diversion Box Drain 2 test wells
216-A8 Condensate Cooling Water Cavern 3 test wells

These wells receive no waste but are used by the Radiological Sciences De-
partment for monitoring the migration of radioisotopes and detection of
possible leaks in the waste storage tanks. In addition to their use for
monitoring, these test wells and many others throughout the Hanford Area
are used in a comprehensive geologic study of the area.

2.32 Self-concentration

Essentially all of the fission products originally present in a ton
of irradiated uranium are contained in 500 gallons or less of neutralized
waste from the Purex Plant. During storage, the fission products undergo
radioactive decay with the release of beta and gamma energies which ulti-
mately appear as heat.

The quantity of fission products present in the waste storage tanks and
thus the exact rate of heat generation in the tanks is influenced by the
following factors:

(a) The length of time the Purex feed "slugs" are irradiated in the
piles.

(b) The power level of the reactor during the irradiation period.

(c) The "cooling" age of the waste, i.e., the elapsed time between
the discharge of fuel from the pile and the introduction of the
resultant wastes into the storage tank.

(d) The rate at which fission products are added to the tank. This is
a function of the separations processing rate.
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(e) The time required to fill the tank. In addition to being dependent
upon the processing rate of the separations plant, it is dependent
upon the extent of concentration of the stored waste and the tank
size.

(f) The "cooling" period after the storage tanks are filled.

The effects of these variables on the rate of heat generation are shown
in Figures X-6, 7, and 8. In the development of the figures, it was assumed
(a) that the tank capacity is 1,000,000 gallons, and (b) that all irradiated
slugs processed in the Purex Plant would be "cooled" 90 days before processing.
These data are reported in the form of a heat generation index, (B.t.u./hour)
per (MW/day) versus tank filling time and/or tank "cooling" time. Figures
X-6, 7, and 8 are constructed for assumed irradiation times of 50, 100, and
200 days, respectively. The effects of the reactor power level (MW/ton) and
separations processing rate (tons per day) are incorporated in the ordinate of
the figure (B.t.u./hour per MW/day). The use of the figure is clarified by
the following illustrative example. Assume that it is desired to calculate
the rate of heat generation from a 106 -gallon waste storage tank that is sub-
jected to the following set of operating conditions:

Pile power level = 6 megawatts/ton
Integrated exposure = 600 megawatt-days/ton
Slug "cooling" time = 90 days
Separations processing rate = 8 tons U/day
Waste volume (after self-concentration) = 178 gallons/ton U processed
Cooling time after completion of fill = 100 days

Using the above data the following values may be calculated:

Pile irradiation time = 6 MT = 100 days

(Since Figure X-7 is based on a 100-day irradiation time, it is used
with this problem.)

Waste discharge rate = 178 gal./ton x 8 tons/day = 1425 gal./day

Tank fill time = 106 gal./1425 = 700 days

Figure X-7 indicates the heat generation rate will be 1.8 x 105 B.t.u./hr.
per MW/day at the compl tion of the filling (700-day fill time). The value
will decrease to 1 x 10 (B.t.u./hr.)/(MW/day) after an additional 100-day
"cooling" period. These values must be multiplied by the power addition rate
to the tank in order to obtain the heat generation rate in B.t.u./hr. For
this case,

Power addition rate = Pile power level x Separations processing rate

= 6 Mw/ton x 8 tons/day = 48 MW/day

tI~ tAf ~
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Therefore, the heat generation rate is

1.8 x 10- B.tu./hr. x 48 Mi/D = 8.6 x 106 B.t.u. /hr.

and after 100 days further "cooling" is

1 x 05B.t.u./hr.1 x 10 B uhr. x 48 Mw/D 4.8 x 16 B.t.u./hr.

This quantity of heat is sufficient to make the contents of the tanks boil--in fact, it is more than sufficient to concentrate the wastes to completedryness if water were not added to replace the effluent vapor. The tankcontents continues to boil until the rate of heat evolution is equal to, orless than, losses from the tank to the ground (estimated to be of the orderof 300,000 to 500,000 B.t.u./hr.). For the base conditions of the example,a seven-year "cooling" period is required before the heat-generation ratedecreases to the 500,000 B.t.u./hr. range.

Neutralized wastes undergoing self-concentration produce water vaporat a varying rate, with peak rates of evaporation in the range of five timesthe average evaporation rate. These periods of rapid boiling are associatedwith pressure surges in the tank, known as "bumping", and an increase in theamount of radioactive solution entrained in the vapors. The cause of theaccelerated boiling is postulated to involve one or both of two mechanisms.
By one mechanism, the tank contents are postulated to be heated so graduallythat superheating of the supernatant liquid occurs, with the sizeablereservoir of superheat later being utilized for rapid evaporation. In theother mechanism, a salt cake is postulated to be formed and partially driedby the heat of radioactive decay of its included fission products, therebycreating a heat reservoir in the form of high-temperature solids; the sub-sequent cracking of this salt cake brings the supernatant liquid into in-timate contact with the heat source, thereby causing the rapid boiling. Inthe Redox system, the frequency of bumping was found to be minimized byneutralizing the wastes with a 5 to 7 % stoichiometric excess of sodium hy-droxide. It is postulated that a greater excess of caustic increased thebumping frequency by the first mechanism, while a smaller excess of causticincreased the quantity of precipitate and thereby increased the bumpingfrequency by the second mechanism. Studies of the heating and bumpingcharacteristics of the Purex wastes are scheduled to be made in the Hot
Semiworks.

The allowable degree of self-concentration of neutralized wastes and/or coating waste produced under HW #3 Flowsheet conditions has not beencompletely defined. A synthetic waste of the composition produced by com-bining th? oating removal waste and neutralie aqueous waste from 1W #1
Flowsheet was experimentally concentrated. The solid and liquid
fractions of the concentrate at various concentration factors are as follows:

II -,



a1023

Concentration
Factor(a)

2.1
2.2
2.4
5

Sodium Nitrate Solids in Conc.
M(b) Waste,(c) Vol.%

10.4
10.9
12
24.9

9
13
35
98

Liquid in Conc.
Waste,(c) Vol. %

91
87
65

2

Notes: (a) (Original volume)/(Final volume).

(b) Calculated assuming a one-phase homogeneous solution.

(c) At room temperature.

Although these experiments were carried out under HW #l Flowsheet condi-
tions, the composite waste which would be produced under HW #3 Flowsheet
conditions is very similar, albeit more dilute as indicated in the following
tabulation.

Component

NaAl2
NaOH
NaNO3
NaNO

2
Fe(OH)

3
Na 2 SiO3
Na2U207
Na2S04

Total Na+

Concentration in Waste, M
Coating Removal

Plus Neutralized
IWW Wastes

HW tl
Flowsheet

0.63
0.62
3.00
0.46
0.04
0.01
0.006
0.12

4.98

HW #t3
Flowsheet

0.41
0.37
1.44
0.31
0.023
0.007
0.0065
0.045

2.65

Neutralized IWW,
HW #3 Flowsheet

0.03
1.9

0.035

0.01
0.07

2.09

Coating Waste,
EW #3 Flowsheet

1.2
1.0
0.6
0.9

0.02

3.72

Disregarding small amounts of insoluble materials such as Fe(OH)3, these
data imply that Purex wastes may be concentrated to at'least an 8 M sodium
ion concentration (the solubility of NaNO3 at room temperatures) before ad-
ditional solids start to appear. If the criterion of no additional solids
production above those in the waste when it is discharged from the plant is
imposed, the combined BW #3 Flowsheet coating removal plus neutralized waste
may be concentrated by a factor of 3.0 (to 230 gallons per ton of U). Neu-
tralized waste alone may be concentrated by a factor of 3.8 (to 120 gallons
per ton of U), while coating waste might be concentrated by a factor of 2.2
(to 110 gallons per ton of U) before an 8 M sodium ion concentration is
achieved.

At the present time, studies are being made to determine whether coating
removal wastes might be scavenged with fission-product-absorbing clays and
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discharged directly to caverns. If such studies demonstrate the feasibility
of coating-waste cribbing, appreciable savings in Purex waste storage costsmay be achieved. Therefore, coating wastes and neutralized wastes from the
Purex Plant are stored separately--at least until more experimental data areobtained concerning the physical properties of the individual 'and combined
waste streams. At a later date, if coating-waste scavenging proves unat-tractive, coating waste may be combined with the boiling, neutralized IWWand thus concentrated; or it could be transferred to C Farm for storage instorage space made available by the metal recovery operations.

Corrosion in the Purex waste storage tanks is expected(23) to be moderate,
i.e., in the range of 10-5 to 10- inches per month. Maximum corrosion isexpected in the metal exposed to the vapors at, or near, the liquid-vapor
interface, so the liquid level in the tanks should be always maintained atas high a level as possible.

2.33 Experimental thermocouple installation

As described in 02.32, above, the rate of heat evolution from a typical
waste storage tank will reach a maximum of approximately 9 x 106 B.t.u./hr.
(depending on Plant processing rates and conditions) and then gradually
decline to lover values. Boiling will continue until the heat evolved dur-ing fission-product decay is equal to or less than the heat loss to the
tank environs. The ground losses and, hence, the time at which boiling
will cease may be estimated from accurate measurements of the temperature
gradients near the tanks.

An extensive thermocouple installation is provided in the 241-A TankFarm for measurement of ground-temperature gradients adjacent to the tanksand measurement of high temperature points ("hot spots") within the tanks.Four groups of thermocouples are available for these measurements. Onegroup of four thermocouples is located in the quadrangle between Tanks 101,102, 104, and 105 and beneath the horizontal plane of the bottoms of thetanks. Two other similar groups are located adjacent to Tanks 101 and 102.Additional thermocouples are installed directly beneath Tank 101. The lo-cation of each of these thermocouple groups is shown in Figure X-9.

Temperature gradients within Tank 101 are determined by a group of ten
thermocouples installed in pipes fastened to the inside bottom of Tank 101(see Figure X-9). These thermocouples detect the formation of local high
concentrations of fission products by their effect on temperature gradients
within the tank and on the tank walls. Although it is extremely unlikely
that such "hot spots" would produce temperatures high enough to injure the
tank, immediate detection would permit countermeasures to be taken which
would avoid such circumstances (see G4.1, below).

Additional temperature measurements may be made by inserting a thermal
element in the vertical thermowell which extends through the liquid con-
tents in each of the tanks. The tanks are designed for operating at temp-eratures of 600*F., if necessary, and could probably operate at temperatures
as high as 9000F. without danger of rupture from thermal stresses.

a--



1025

3. Low-Activity Wastes

3.1 Definition of problem

Approximately 1,500,000 gallons of liquid waste containing only trace
quantities of radiomaterials are discharged from the Purex Plant daily. These
wastes are primarily process and steam condensates. The source, volume,
plutonium and radioisotope content of these streams are listed on Table X-1.

These wastes are routed to the soil via seven underground, rock-filled
caverns. Streams to all caverns are monitored for radioactivity. Radiation
monitoring is achieved either by batch sampling in the 202-A Building or by
use of proportional samplers of continuously flowing streams. Piping to the
caverns is by direct-buried, cathodically protected, Schedule 40 stainless
steel pipe.

3.2 Technical background

3.21 Basis for selection of disposal method

The cavern method of disposal of low-activity wastes is a convenient ex-
pedient for the operation of the Purex Plant. This method of disposal is
contingent on two factors: (a) absorption of a large fraction of the radio-
materials by the subsoils, (b) monitoring the disposal site (by test wells)
to insure that radioactive materials with half lives of more than three years
do not reach the ground water. Subsoil experiments have indicated that materi-
als penetrate the subsoil in the following order (at least in the valence state
normally encountered in wastes): (a) nitrate ions, (b) ruthenium, (c) cesium,
(d) plutonium, and (e) strontium. The absence of high salt, acid, or base
content in a given stream permit its so-called "unlimited" disposal to the
Purex caverns. That is, the radioisotope and/or plutonium concentration in the
wastes discharged to the caverns will not be subject to a prescribed upper
limit. In lieu of such restrictions, constant monitoring of the seepage from
the caverns traces the nath of the specific isotopes. The waste stream under
survey is switched to a new cavern before the objectionable isotopes reach the
ground water table.

In contrast to the Purex "unlimited" caverns, other caverns in the 200
Areas are of the "limited" type. That is, only a certain quantity (usually
specified as gallons per square foot of cavern area) of the particular type
waste may be discharged to the cavern. The cavern capacity is established by
tests which determine the retention capacity of the soil beneath the cavern
for the undesirable isotopes. The results of these tests are then used to
calculate the cavern capacity.

The ultimate aim of the Plant is to produce wastes whose activity is
equal to or less than the maximum permissible concentrations (MPC) in drink-
ing water; i.e.,

Plutonium 0.024 micrograms/liter

Beta emitters 0.10 microcuries/liter
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The drinking water tolerances listed above are in a state of review at thepresent time. Consequently, the values quoted are subject to revision.

3.22 Course of caverned wastes

As previously indicated, the cavern method of low-radioactivity wastedisposal is contingent on the wastes not reaching the rivers or ground wateradjacent to H.A.P.O.--at least until after the undesirable radioisotopes .have decayed to unobjectionable levels. Fortunately, the H.A.P.O. environsare such that a long period of time elapses before waste material dischargedto ground leaves the project area. A brief description of the geology ofthe region follows:

The Hanford Atomic Products Operation lies in a structural and topo-graphic basin west of the southward-flowing Columbia River, which flowsthrough the basin. The project is bordered on the west by the east-westto northwest-trending basaltic ridges of the Rattlesnake Hills, YakimaRange, and Umtanum Ridge; on the north by the Wahluke Slope rising gentlyto the precipitous Saddle Mountains; and on the east by the gently westward-dipping basaltic lava plateau, covered near the project by more than 1000feet of later sediments now exposed as cliffs on the east side of theColumbia River. The natural drainage basin for the project slopes to theeast; thus both the infrequent surface runoff and the vastly greater under-ground, or ground water, runoff move across the project site and eventuallyinto the Columbia River. The chief formations underlying the two areas areof four types:

(a) Yakima basalt, a dense rock of volcanic origin during the MioceneAge, is the deepest formation investigated at or. near the watertable, approximately 300 to 400 feet below grade. The basalt isfolded and locally faulted, resulting in a slightly-to-moderately
permeable layer.

(b) The Ringold formation, a sedimentary layer, laid down prior tothe last period of glaciation of the Ice Age. Although thesesediments accumulated to a level approximately 1000 feet abovepresent sea level, later changes in the course of the ColumbiaRiver stripped away and reworked the formation. The Ringoldformation is currently about 50 feet thick.

(c) A thick series of coarse terrace gravels containing some reworkedRingold sediments deposited by the action of the eroding and de-grading river upon those areas of basalt from which the Ringoldformation was removed.

(d) A deposit of fine-grained sediments known as the Touchet Bedslaid down over the exposed areas by a rise in the base level ofthe Columbia River. A later removal of the cause for the higherbase level then permitted the Columbia River to rapidly and
thoroughly remove most of the unconsolidated Touchet sediments
from the project area.
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The geologic history of the region was completed with the deposition of loess
(wind-reworked and wind-deposited silt and fine sand) and the formation of
sand dunes.

The water table before inception of Hanford Operations was inferred to
have a slope of about 65 feet in a distance of 75,000 to 80,000 feet toward
the west, and a slope of about 40 feet in a distance of 30,000 feet toward
the north. The disposal of large quantities of water in the 200 Areas has
changed the water table quite severely. Currently, three definite mounds or
hills of water (two in 200-West and one in 200-East Areas) havA been built up
on the surface of the water table due to the inability of the gravels to con-
duct all of the water away from the disposal site. With the start of Purex,
about 5,000,000 to 10,000,000 gallons per day will be disposed of to the south
of the present B-Plant swamp. This will enlarge the mound and may in time
force a northward movement of water between the two mounds. This is not de-
sirable because of the permeable gravels and relatively short distance to the
river which exist in this direction. Bough estimates of the time for water to
move from the east edge of the present 200-E mound to the river (under present
conditions) are on the order of 50 to 100 years. This value provides a mini-
mum decay factor of 60,000 to 100,000 for any radioisotope with a half life
equal to or less than 3 years.

Many of the radioisotopes, particularly at the low concentrations of the
element found in wastes, are adsorbed by the soil through which the wastes
pass. There appears to be general agreement that the bulk of the material is
removed by ion exchange, particularly by the morillinite clays that make up 1
to 10% of the soil, depending upon the portion of the soil profile. The ion-
exchange process is affected by many variables; but the ones of most impor-
tance in soil work, other than the nature of the ion, appear to be the concen-
tration of the ion in question, the salt content of the liquor, and perhaps the
pH of the solution. The quantitative aspects of this portion of the problem
are now under investigation by the Earth Sciences Unit of the Radiological
Sciences Department.

3,23 Description ofcaverns

Seven caverns are incorporated in the Purex waste-disposal system for
subsoil disposal of effluent streams which may contain ow concentrations of
radioisotopes. At design rates, approximately 1.5 x 100 gallons per day will
be discharged to the caverns. The caverns are below grade and are filled to
a minimum depth of seven feet with coarse (3-inch or larger) aggregate below
the distribution header. Distribution is accomplished by tile headers sized
to handle the required flow and to distribute it evenly over the entire
cavern area. The following is a list of the Purex caverns, their approximate
size, and location.
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Design
Cavern Service Basis, Gal./Min.

216-Al (Abandoned)

216-A2 Organic waste

216-A4 Lab. waste and cell
drain

216-A5 Process condensate

Steam condensate

152-A Diversion Box
drain

Waste tank condenser
disposal

216-A9 203-A drainage and
Barometric Condenser
tail water

75

75,
intermittent

1150

intermittent

400 to 3000 max.

4ho

Approximate
Size*, Ft.

20 x 20

20 x 20

20 x 20

35 x 35

100 x 100

11 x 11

Approx.
Location

200 ft. south
of 202-A

100 ft. south
of 291-A

South of west
end of 202-A.

1000 ft. east
of 202-A

200 ft. east
of 152-A

20 x 880 700 ft. north-
east of 241-A

30 x 200 200 ft. north
of 203-A

*) Current soil percolation tests may reveal that these sizes should
be increased.

The 216-A5, 6, 8, and 9 caverns are equipped with proportional sampler
units for routine analysis. Discharges to the 216-A2, 4, and 7 caverns are
controlled by batch sampling.

Trace quantities of nitric acid in the process condensate are removed*
by routing the condensate through a calcium carbonate neutralizer (216-A-
TK-l) prior to disposal in the A5 Cavern. The calcium carbonate neutralizer
is similar to those employed in the U.R. Plant and utilizes a percolation
through the limestone bed for continuous neutralization of low-acidity
streams.

4. Negligible-Activity Wastes

Negligible-activity wastes from the Purex Plant may be segregated into
two types; i.e., chemical sewer and process-vessel cooling water wastes. The
chemical sewers drain all non-radioactive Plant areas, such as operating
galleries, service areas, aqueous make-up areas, etc. Process cooling-water
waste is composed of the raw water employed in process equipment for cooling
and general utility purposes.

216-A6

216-A7

216-A8

0

0

140
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The cooling water and chemical sewer wastes from the Purex Plant are
disposed of in an open ditch or swamp located to the northeast of 202-A.
The swamp is approximately 4500 feet long. Approximately 5,000,000 gallons
will be discharged daily. Swamp disposal is utilized because of the large
volumes involved and because the radioactive contamination will be low enough
to permit this type of disposal. (The cooling water from the 2EU Concentrator
Condenser is diverted to the steam condensate header to provide cooling of the
steam condensate below the boiling point.)

Chemical sewer wastes are collected in a 12-inch vitrified-clay pipe
header on the north side of the building and then disposed of to the main 202-A
swamp (northeast of the 202-A Building).

The process cooling-water wastes discharge through branch lines which pass
through the south wall of the canyon building and enter a 30-inch buried c6l-
lection header running parallel to the building. The header discharges into
a cooling water pump pit located east of the 202-A Building. Temperature ele-
ments and a scintillation (radiation monitoring) probe are located in this line,
upstream from the pump pit. High-activity levels sound an alarm in the 202-A
Central Control Boom and automatically shut down the pumps. The pump pit also
contains a continuous proportional-sample unit for metering flow and from which
samples are taken for periodic analytical determination. Two pumps, each rated
at 1200 gallons per minute, pump a portion of the total flow into the 201-A
water storage tank (used to supply the contact condensers at the tank farm) and
pump the balance of the flow through a 30-inch vitrified-clay line to the swamp.

D. PLANT GASEOUS WASTES

Gaseous wastes are discharged to the atmosphere from the Purex Plant and
consistof Canyon and cell ventilation air, air from the equipment vent headers,
and gaseous products formed as a result of process operations. These gases
contain quantities of volatile and entrained radioactive materials which, if
liberated to the atmosphere without dilution, would create a personnel hazard
in the Plant vicinity. The filtration of these objectionable materials is dis-
cussed here. The removal of radioiodine in the Silver Reactors is discussed
briefly here and in more detail in Chapter III, and a description of the equip-
ment involved is presented in Chapter XI.

1. Definition of the Problem

The gaseous wastes from the Purex facility contain entrained radioactive
particles and volatile radioactive materials such as iodine-131, xenon-129 and
131, and krypton-85. The xenon and krypton are noble gases and, provided they
are diluted sufficiently, do not create a radiological hazard to plant or
animal life. Badioiodine-131, however, tends to be absorbed and concentrated
in animal tissue, and the quantities released to the atmosphere must be strict-
ly controlled to prevent personnel damage. Approximately one half of the
radioiodine in the fuel elements is volatilized during dissolution, and small
amounts are volatilized at other points in the process. Non-volatile fission
products associated with particles of solids or liquid are also entrained in
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the gaseous wastes. These entrained particles may be composed of any or
all of the process materials and are carried on the mist arising from jet
or centrifuge operation, dust, or particles of rust or dried salts. If
these particles were released to the atmosphere, they would be potentially
hazardous through ingestion with the air breathed or via food or water con-
sumed, or by direct irradiation of personnel in its proximity. See Chapter
XXII for further details.

In the Purex facility, radioactive materials are either removed from the
gaseous wastes by chemical reaction (radioiodine) or filtration (particulate
matter), or, in the case of the noble gases, diluted to an innocuous con-
centration. A summary of the volumes of gaseous wastes and the quantities
of radioactivity exhausted to the atmosphere is presented in A2, above. It
will be noted that virtually all of the radioactivity liberated is associated
with the noble gas krypton-85.

2. Technical Background

2.1 Iodine removal by Silver Reactors

Although radioiodine-131 has a relatively short half life (approximately
8 days), it is potentially the most hazardous gas evolved during uranium
dissolution because of its tendency to concentrate in plant and animal tissues.
When processing 10 tons per day o-f 90-day-'cooled"fuel elements after irradi-
ation at 5 MW/T, approximately 300 beta plus gamma curies of radioiodine are
volatilized daily in the Purex equipment; this quantity is approximately
proportional to the MW/T irradiation level, and doubles with each 8-day de-
crease in "cooling" time (see Chapter II for details). The Purex Plant is
provided with Silver Reactors for the removal of iodine from the gaseous
wastes in the dissolverl, condenser, and process-vessel vent systems and less
than 0.1% of the radioiodine volatilized escapes to the atmosphere.

The Silver Reactors are vertical towers, 4-1/2 feet in diameter by 10-
1/2 feet tall, packed Vith 1/2-inch ceramic Intalox saddles coated with
silver nitrate. Process gases entering the reactor are heated in a shell-
and-finned-tube heat exchanger with steam at 185 lb. per sq. in. applied to
the tubes. Steam discharge from the heater tubes passes through an external
coil on the Silver Reactor tower. High-pressure steam promises to be a
more reliable source of heat than the electrical units currently in use in
other plants.

The exact iodine removal mechanism is not known with surety but may be
represented by the usual iodine reaction in the presence of an excess of
silver nitrate.

6 AgNO 3 + 3 I2 + 3 H20 -- 5 AgI + AgIO 3 + 6 HN03

There may be some AgN0 decomposition under operating conditions so that
the following series o- reactions can occur to a limited degree:

2 AgN3 2 AgNO2 + 02 2 Ag + 2 NO2 + 02

2 Ag + 12 - 2 AgI
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A properly maintained and operated Silver Reactor removes iodine from the
gas streams very efficiently, with LT.U.'s -in the .magni-tude of one inch being
obtained&Ansmallt-experimentalimuts and less .than- one-£not Jn.plant installa-
tions. While-theory predicts that the gas-film H.T.U. decreases with decreas-
ing gas rate, the high efficiencies obtained in the experimental units to date
have masked any effects of this variable. The Plant units operate at a nominal
peak gas flow rate of about 2.1 ft./sec. for the dissolver off-gas units, and
about 1 ft./sec. for the condenser-vessel vent unit. The efficiency of a
Silver Reactor is highly dependent on the surface area of silver available for
the reaction, and any maloperation which limits this area (such as excessive
temperatures causing the silver nitrate to melt and drain off the packing, or
poor regeneration techniques which fail to coat the packing surfaces) can
sharply reduce the iodine-removal efficiency of the unit.

The optimum operating temperature for the reactor is about 300 to 425*F.
Below 2200F. nitric acid and water condense and remove silver nitrate by dis-
solution, while the upper allowable temperature is fixed by the melting point
of silver nitrate at 4130F. With 18 5-lb./sq. in. gage steam pressure on the heat
exchanger, the gas temperature will be about 300 to 325*F.

A more detailed description of the chemistry and procedures involved is
presented in Chapter II1.

2.2 Filtration of gases from equipment vents

Gaseous wastes are removed from the Purex-Plant process vessels by five
individual headers which are maintained under vacuum by steam/air jets. This
header system is provided to maintain all cells as free as possible of process
gases and radioactive particulate matter.

Each stream passes successively through a condenser, heater, silver reac-
tor, and fiber-glass filter, with the vessel and condenser vent gases being
combined before treatment. The following table lists the five sources of
gaseous wastes and their respective disposal facilities.

Source Condenser Heater Silver Reactor Filter

Dissolver TK-A3 T-A3-l* E-A2 T-A2 F-Al
Dissolver TK-B3 T-B3-l* E-B2 T-B2 F-Bl
Dissolver TK-C3 T-C3-l* E-C2 T-C2 F-Cl
Vessel vent E-Fl E-F2 T-F2 F-Fl
Condenser vent E-Fl E-F2 T-F2 F-Fl

*) Discharge gases from these vessels pass through individual de-en-
trainment towers before entering the off-gas heater.

The -operatin..of.the.Dissolvers during charging, jacket removal, and dis-
solution operations produce off-gases which are composed of leakage air,
ammonia in air, and nitrogen oxides in air, successively. While ammonia,
water, and nitrogen oxides would react on contact to form ammonium nitrate,
this reaction does not .occur in the heaters and filters because the off-gases

Ajlti a4
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from each dissolver are treated successively and independently. The forma-
tion of ammonium nitrate in the stack is possible, and wash-down facilities
are provided in the stack to minimize accumulation and subsequent dis-
charge of such crystals.

2.3 Filtration of ventilation air

Prior to disposal to the atmosphere, ventilation air exhausting from
the Purex Air Tunnel is passed through a Fiberglas filter for removal of
radioactive particulate matter. Fibrous-glass filters were selected in
preference to sand on the basis of studies(19) which revealed that the
collection efficiency of fibrous-glass filters is superior to sand filters
(99-9% compared to 99.5%).

The basic assumption underlying the theory of mechanical filtration(7)
requires that a particle contact a fiber, or other object, before it will
adhere. There are three mechanisms by which dispersed particles may come
into contact with the fibers in a filter bed. The first of these is
"Grundabscheidung" or direct interception. The second is impingement,
differentiated from Grundabscheidung by effects which cause the particu-
late matter to deviate from the streamline flow of the gas to travel nearer
the fiber, thereby increasing its chances of contact. The third mechanism
by which air-borne particles may come into contact with a surface involves
Brownian movement by which the paths traveled by very small particles as-
sume a random character within the general flow lines of the gas stream.
In addition to the above mechanisms, gravity settling augments the re-
moval of relatively large particulate matter. The design of the filter
is described in C3.2 of this chapter and in Chapter XI.

2.4 Disposal of gaseous wastes through stack

The gaseous wastes discarded to the atmosphere contain essentially
no radioactive particulate matter and little radioiodine. As shown in
Table X-2, the radiokrypton and the small amounts of radioxenon dis-
charged represent approximately 600 curies peg day. This radioactivity
must be diluted to a concentration of 2 x 10- microcuries per milliliter
or less before reaching ground level to provide a safe atmosphere for Plant
personnel. Partial dilution (to 1.5 x 10-3 pc./ml.) is achieved when the
Dissolver off-gases are mixed with the 100,000 cu. ft./min. of ventilation
air discharged from the stack. An additional 750-fold dilution (to 2 xao-6 microcuries/ml.) is required before the gases are safe for breathing
by the operating personnel in the Plant. Under unfavorable weather con-
ditions (e.g., no wind, downdraft, or fog) when the dilution ratio is
less that 700 to 800, dissolving cannot be carried out because the dilu-
tion of the radiokrypton evolved would be insufficient. The dilution
ratio is estimated from meteorological data.

2.5 Ammonia removal in dissolver off-gases

Normal Purex Dissolver operation includes the removal of the aluminum
slug jackets, prior to a two- or three-cut uranium dissolution. The
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Dissolver off-gases during the jacket removal operations contain ammonia,
while during slug dissolution operations, the off-gases contain nitric acid
and/or nitrogen oxides. Consequently, the simultaneous operation of two Dis-
solvers, one- .on slug jacket removal and the other on uranium dissolution,
discharges both ammonia and nitric acid to the stack. These materials may
combine in the stack to form ammonium nitrate in large porous masses which act
as carriers for-radiolonotopes present. Eventually these masses may be carried
out with the stack gases and deposited on the surroundings, causing a radiation
hazard. (Redox experience has shown that these masses may exhibit radiation
rates of 300 to 500 mrepa/hr.)

Plans have been made to break this chain of events, if required, by the
passage of each Dissolver off-gas stream through a separate ammonia scrubber.
The ammonia scrubbers would be located (process-wise) between the De-dentrain-
ment Towers, T-A3-2, and Off-Gas Heaters, E-A2. The ammonia scrubbers would be
about 2-1/2 feet in diameter and 7 feet high and contain three bubble-cap trays.
Demineralized -water -o-uId-be used as a scrubbing agent. The ammonia scrubbing
process is discussed in more detail in Chapter III.

3. Disposal Facilities

3.1 Fiberglas filters on equipment vents

The four Fiberglas filters employed for the filtration of the process
off-gases are identical in design. Each is designed so that an entire unit is
disposable when replacement is required. Each filter is a vessel nine feet in
diameter and six feet high; gases enter at the bottom and discharge at the top.
The filters are packed as described below, the layers being numbered from the
bottom to the top.

Density, Thickness,
Layer Fiberglas Type Lb./Cu. Ft. Inches

1 115K 1.5 12
2 115K 3.0 6
3 115K 6.0 12
4 AA 1.2 1

These filters have a filtration efficiency greater than 99.98%. At normal
operating conditions, the Dissolver Off-Gas Filters have a calculated pressure
drop of about 1 to 1-1/2 inches of water, and the vessel-condenser vent filter
about 4 to 5 inches. of water.

3.2 Fiberglas filters and stack"

A brief description of the Fiberglas filter and stack used for the dis-
posal of the Canyon air waste is given here, with a more detailed description
of this equipment being presented in Chapter XI. The Fiberglas filter has
over-all dimensions of 83 ft. x 53 ft- x 15 ft. and is divided into two main
areas. The major section, or pre-filter, is bulk-loaded with Owens-Corning
Fiberglas, Type 115K, retained on stainless-steel screens. Air flows downward
at 50 ft./min. through the 7-foot layer of Fiberglas which removes most of the
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condensate and particulate matter. The smaller section, or clean-up filter,
contains 132 American Air Kilter Deep Bed Filter Units. These packaged
filters, hung in racks, consist of V-shaped screens covered with a 1-inch
layer of Types B and AA Fiberglas. Air flows upward at 20 ft./min. through
these units for final clean-up. The Fiberglas filter is designed for an
initial pressure drop of 4 inches of water and is limited to a pressure
drop of 8 to 9 inches of water by the characteristics of the fans moving
the air.

The air is pulled through the filter by four motor-driven, stain-
less-steel exhaust fans installed in parallel in the exhaust plenum. Three
fans are driven by electric motors through belt drives and have a capacity
of 42,000 cu. ft./min. each, at 15 inches of water. The fourth fan is a
standby unit and is sized for 63,000 cu. ft./min. at 9 inches of water
static differential. Power to this standby unit is provided by a direct-
driven steam turbine. The fans are designed for contact removal or main-
tenance. A high-level alarm and a recorder are provided for the bearing
temperatures. Plexiglas inspection ports are provided at the individual
fan, on-off dampers and at the main modulating control damper.

The stack (291-A) is a 200-foot (above grade) concrete structure con-
taining a free-standing stainless-steel liner sized for an air velocity of
3500 ft./min. Dissolver off-gas lines enter near the base of the stack
liner. Three spare entry stubs extend from the liner for future connec-
tions. A duct stub connection for the future addition of a second stack
is provided. An extensive wash-down and sampling system is installed to
aid in determining and controlling the radiological hazards associated
with the gaseous wastes.

E. LABORATORY WASTES

The.Analytical Laboratory is located on the service side of the build-
ing adjacent to X and F Cells. Wastes produced in this section include
room ventilation -and hood air, radioactive liquid wastes, low-activity
liquid wastes, chemicalseweriliquid wastes, and sanitary-sewer liquid
wastes. The disposal systems for these various wastes are described be-
low.

1. Ventilation Air

The special hazards involved in handling radioactive material in open
hoods, and the desirability of continuous laboratory operations through
periods of shutdown in the Processing Building (202-A) require that opera-
tion of the laboratory ventilation system be independent of other 202-A
Building systems. The system provided is a self-contained unit using
critical static-pressure differential to maintain the flow of air from"cold" to "hot" zones with positive prevention of flow reversals. Gases
exhausted from the system are filtered through Fiberglas filters and dis-
charged to a roof stack at 31,000 cu.ft./min. Additional information on
this installation is given in Chapter XI.
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2. Radioactive Wastes

The composition and quantity of these wastes are not 'known with certainty.Redox experience indicates that the volume should approximate a few hundredgallons per day. Provisions are made to discharge this material to the AcidAccumulator, where it is blended with the process aqueous wastes for concen-tration and storage. The addition of corrosive chemicals via this route isprevented solely-by operational controls established by the laboratory super-vision.

3. Low-Activity Wastes

The composition and quantity of these wastes are unknown. They are col-lected in the Laboratory Crib Waste Receivers A and B (TK-U3 and TK-U4) locatedin the Acid Storage Vault. After suitable analysis, they may be discharged
to the 216-A4 Cavern or to the Coating Waste Tank, TK-D2. An estimated maximumof 14,000 gallons per day is handled through this facility.

4. Chemical Sewer Wastes

These materials are discharged to the Purex swamp.

5. Organic Wastes

Organic wastes from the laboratory are discharged to the 216-A2 Cavern.Those containing excessive quantities of radioisotopes, uranium, or plutoniumare stripped with an aqueous solution in a batch unit within the laboratory
before disposal.

F. DRY WASTES

Dry wastes containing relatively little contamination, such as absorbent
tissues, wood, metal parts, etc., are placed in quart cardboard containers
which are in turn placed in larger cardboard cartons. When the radioactivity
level of the contents of a carton creates a radiation hazard, the carton issealed and removed to the 200-E Area burial ground.

G. PROCEDURES

1. Normal Procedure--Acid Recovery

1.1 General

The acid recovery section of the Purex process is utilized to receive,concentrate, and dispose of salt-waste streams and to recover up to ninetyper cent of the nitric acid for reuse inthe process. The basic flowsheet,
described here and on Figures X-l, X-2, and X-3, concentrates (with distilla-
tion of nitric acid) the HAW stream containing virtually all of the fission
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products entering the Plant, and neutralizes and stores the concentrate.
The other acid wastes are combined with the acid distillate from the
above-mentioned concentration and are concentrated to about one thirtieth
of their original volumes with most of the acid present being distilled.
The concentrate, containing any uranium and plutonium lost from the
solvent-extraction operations together with about 0.1% of the fission
products charged to the process, is routed back to the feed preparationunit for reuse. The nitric acid is absorbed from the vapor effluent
from the concentrator and the dilute acid solution so produced is con-centrated in a vacuum fractionator for reuse in the solvent-extraction
operations. Water condensates from these operations are neutralized andsent to caverns for percolation into the soil.

While the "normal"-procedure discussion which follows is based on thegeneral processing scheme outlined above, the equipment provided permitsseveral deviations from the basic flowsheet with minor changes of piping.For example, should the reuse of the concentrate from the second acid con-centrator be inadvisable, this concentrate may be combined with the RAWfor concentration, neutralization, and storage. This routing in shownon Figures X-1, X-2, and X-3 as the "Alternate Flowsheet". A second
alternate flowsheet combines the functions of the absorber, T-F5, and thefractionator, T-U6, into the operation of one equipment piece, T-F5,wherein acid is absorbed from the vapors from the second acid concentra-
tor and recovered as 55 to 60% ENO solution by fractionation at atmos-
pheric pressure. While this opera ion causes a high rate of corrosion
and consequent short equipment life for the reboiler of this unit, thismethod will be employed during initial Plant operation, until the vacuumfractionator becomes available.

1.2 No. 1 Acid Concentrator

The HAW stream is continuously charged to the No. 1 Acid Concentrator,
E-Fll-l, directly.from the MA Column at a rate of about 8 gallons perminute. The dilute feed enters the base (reboiler) of the concentrator
and mixes with the solution recycling in the concentrator. The solutionthen passes up the inside of the tubes of each of the two parallel setsof tube bundles. Heat is absorbed and the solution is partially vapor-
ized as it rises and finally jets up from the open tube ends. The vapor-liquid mixture strikes the impingement baffles, which aid in separating
the phases. The vapors expand in an enlarged section and are then directedinto the surmounted de-entrainment tower. Liquid separated from the vaporreturns to the base of the reboiler through the central downcomer.

The .concentrated product (about 1 gal./min.) continuously overflows bygravity from a settling chamber on the side of the reboiler. The flowrate is metered and the measurement automatically regulates the control
point on the reboiler-steam flow controller to maintain the product re-moval rate at a constant value; i.e., low product rates would decrease
the steam flow rate, while high product rates would increase the steamflow rate.
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The overhead vapors from the reboiler pass through a de-entrainment
tower before condensation. Any liquid present in the overhead vapor from
the concentrator is de-entrained by a series of five mechanisms, viz.:

(a) The vapor-liquid mixture produced in the reboiler tubes strikes
impingement baffles after leaving the tubes. These aid in sepa-
rating the phases.

(b) Next, the vapors expand into an enlarged section of the reboiler.
Large liquid drops fall out in this zone.

(c) The vapors then pass through chevron baffles for removal of gross
particles of liquid.

(d) Additional de-entrainment is secured by passage of the vapor through
seven bubble-cap trays in the de-entrainment tower. These trays are
operated dry; i.e., the vapor passing upward does not pass through
liquid on the trays.

(e) The final stage of de-entrainment is accomplished by three feet of
one-inch Raschig-ring packing at the top of the tower.

It is expected that de-entrainment factors in excess of l05 will besecured by this combination of de-entrainment devices.

Under normal operating conditions the concentrator reduces the volume ofthe feed by a factor of about 10; i.e., 10% of the feed is removed as a con-centrated product and 90% of the feed is evaporated to produce the overheadstream.

Instrumentation is provided on each concentrator to preclude undesirable
organic-nitric acid reactions. These instruments are designed to maintain
the liquid level and temperature in the concentrator within safe limits. Con-trol is maintained by shutting off the steam to the reboiler if the established
limits are exceeded. Three controls are provided as noted below:

(a) Reboiler temperatures are automatically recorded. Temperatures above
1290C. activate an alarm light. Temperatures above 138*C. activate
another alarm light and also shut off the steam to the reboiler.

(b) The pressure of the steam to the reboiler is automatically recorded.
Pressures above 39 pounds per square inch gauge activate an alarm
light and shut off the steam flow.

(c) The three dip tubes comprising the specific-gravity and weight-factor-
measuring system in the reboiler are also coupled to the safety sys-
tem. Weight-factor indications of about or below 175 and 155 inches
of water trip the high and low-level alarm lights, respectively. In
addition, a liquid-level indication of less than 67 inches of water
between the top two dip tubes will light an alarm signal and shut off
the steam to the reboiler.



1038

The total nitrate concentration in the concentrated product should bemaintained at less than 8 molar (about 4.2 lbs./gal. of lNe3 ) in order toavoid excessive ruthenium volatilization (see 32.3, above). Demineralized
water may be added to the concentrator feed for this purpose. This wateris evaporated during concentration, carrying nitric acid with it. In thismanner, the bottoms acidity may be controlled, subject to the heat-duty
capacity limitations of the reboiler and condenser.

1.3 No. 2 Acid Concentrator

The normal operating conditions and procedures for the No. 2 AcidConcentrator are identical with those for the No. 1 Acid Concentrator
except for the differences in stream compositions and flow rates.

The condensate from the No. 1 Acid Concentrator plus IAW, 2DW, 2AW,PSD, vacuum-jet condensate, condensate from heating steam from plutoniumconcentrators, vent-condenser condensate, and ademineralized-water buttare continuously collected in the Acid Accumulator, TK-FlO (the No. 2Acid Concentrator feed tank) and are fed to the No. 2 Acid Concentrator
at about 35 gal./min. The Acid Accumulator has a capacity of 5000 gal-lons or a holdup of about 2 hr. at the nominal design operating rate.The concentrated product from the No. 2 Acid Concentrator is returned tothe Acid Recycle Tank. The overhead vapors are fed continuously to theAcid Absorber.

The automatic controls on the No. 1 and No. 2 Acid Concentrators areidentical except for the control-point values on the liquid-level alarmand steam shut-off instruments. The high and low-level alarms are actu-ated at 177 and 157 inches of water, respectively, as measured on the
weight-factor dip tubes. Automatic steam shutoff occurs when a differen-tial pressure between the top specific-gravity and top weight-factor dip
tubes is less than 68 inches of water.

1.4 Acid Absorber

Approximately 5500 cu. ft./min. of a water-nitric acid vapor mixture
containing about 10 per cent nitric acid, by weight, are fed from the No.2 Acid Concentrator to the Acid Absorber. As described in B3.2, above,the vapors are charged on the eighth plate from the bottom of the AcidAbsorber. The vapors are depleted in nitric acid as they rise through
the bubble-cap trays, and the reflux liquid is enriched as it overflows
from plate to plate. Water vapor, practically free of acid, issues fromthe top of the tower at 5500 cu. ft./min. Condensation occurs as the
vapors pass through the HNO3 Condenser, E-F5. Weirs installed in the con-denser split the condensate, returning 25% to the Acid Absorber, and dis-charging (through a flovmeter) the remaining 75% into the process conden-
sate header.

The original design scope for this vessel included both the func-
tions of rectification and stripping, and seven bubble-cap trays and a
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reboiler are installed below the feed tray. The addition of a vacuum frac-tionator to the acid recovery system will make operation of the lower sectionunnecessary. With the Vacuum Fractionator in operation, the 30 per cent ni-tric acid liquid produced in the top of the Absorber tower cascades downthrough the unused lower section and is discharged, by gravity, into theHNO Receiver, TK-F4. This tank has a capacity of 5000 gallons or a holdupof about 17 hours. The 30 per cent nitric acid is jetted from the HNO Re-ceiver to the HNO Sampler for sampling and radiation monitoring, prio tobeing pumped to t~e contact-maintenance zone containing the Vacuum Fractionatorand auxiliaries.

Current (March, 1955) scheduling indicates that the Vacuum Fractionatorinstallation may not be complete at the time of the Purex Plant start-up. Asa temporary measure, the lower section of the Acid Absorber will have to beoperated in order to produce a nominal 60 per cent nitric acid product. Withthis mode of operation, the 30 per cent acid produced in the top of the towercascades down through the lower section countercurrent to the ascending vaporsproduced by the reboiler. The desired acid concentration (nominally 60%) inthe "bottoms" is maintained by a specific-gravity recorder controller whichresets the set point of the flow controller admitting steam to the reboiler.This controls the rate of boiling in the reboiler to produce the desiredconcentration of acid in the fractionator product.

The 60 per cent nitric acid product overflows, by gravity, from the re-boiler into the HNO Receiver (TK-F4) and is then jetted to the HNO Sampler(TK-F3). After sampling and analysis, it is pumped (or jetted) to bhe 60%HNO 3 Storage Tanks, TK-Ul or TK-U2, for reuse in the process.

1.5 Vacuum Fractionator

The 30 per cent nitric acid stream is received in the 30% Storage andFeed Tank, TK-U5. It is pumped from this vessel through a flow controller in-to the fifth plate (from bottom) of the Vacuum Fractionator, T-U6. Alternateaddition points are available on the sixth and seventh trays.

On entering the tower, the liquid feed is joined by the liquid effluentfrom the upper section, this flow resulting from the addition of demineralizedwater at the top of the tower. The composite stream overflows down throughthe lower section, increasing in nitric acid content as it falls from plateto plate. In the reboiler sufficient heat is supplied to vaporize a portionof the descending liquid, producing 60% HNO which is pumped through a jack-leg to the HNOz Storage Tanks, TK-Ul and TK-U2. The vapors from the reboilerrise through tlie tower, becoming depleted in nitric acid as they pass fromtray to tray, and then pass from the top of the tower to the condenser.

The vapors issuing from the top of the tower are condensed in theBarometric Condenser, E-U6-l. The vapors enter the condenser and contact astream of cold, raw water. Condensation occurs and the combined condensateand raw water leave the condenser through a barometric hot-leg. The effluentis collected in the Tail-Water Tank, TK-U8, and then discharged to the 216-A9Cavern. Non-condensables which reach the Barometric Condenser are removed by
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a two-stage jet assembly which produces a vacuum in the unit. A constant
pressure of 100 mm. Hg is maintained at the top of the tower by a controlled
air bleed. Pressures below normal increase the amount of air bled into the
system and pressures above normal decrease the air bleed rate.

Chloride purge lines are provided on Trays 6, 7, 8, and 9. The materi-
al removed during the purge operations Is colleated. in. the Turge Tank, TK-
U7, then routed via the Laboratory Crib Waste Receiver Tanks, TK-U3 and TK-
U4, to a cavern.

As shown in Figure X-2 and described in Chapter XVII, the automatic
controls on the Vacuum Fractionator are as follows:

(a) Flow controller on the fractionator feed stream.

(b) Flow controller ot the demineralized-water reflux stream.

(c) Flow controller on the steam to the reboiler with its control
point regulated by a specific-gravity recorder-controller which
senses the reboiler contents.

(d) Column pressure control by air bleed as described above.

1.6 Acid recycle

Recycle of the No. 2 Acid Concentrator concentrate (2WW) is routinely
accomplished by use of the Waste Rework Tank, TK-F8. The first step in
the procedure involves jetting the 2WW from the Acid Recycle Tank, TK-F7,
to the Waste Rework Tank, TK-F8. Here, hydrolysis of any organic material
is accomplished by boiling the solution for a period of 10 to 15 hr. under
total reflux conditions and with an acidity of about 8 M in the liquid
phase. Reflux is provided by the Reflux Condenser, E-F9.

After hydrolysis, the solution may be jetted to any of the Dissolvers
(TK-A3, TK-B3, or TK-C3) or to the Centrifuge Feed Tank (TK-E3). for sub-
sequent blending with the metal solution from the Dissolvers and ultimate
processing through the solvent-extraction facilities.

2. Detection and Remedy of Off-Standard Conditions--Acid Recovery

2.1 Acid Concentrators

2.11 Fouling of reboiler tubes

The high concentration of acid in the reboiler provides continuous re-
moval of scale formed on the tubes. Therefore, scaling of the reboiler
tubes is not expected in normal operation.

2.12 F&ilure of feed supply to concentrators

This condition is evidenced by a gradual decrease in the concentrated-
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product removal rate as the liquid level in the reboiler drops. A decrease
in the product removal rate automatically decreases the steam flow to the
reboiler. Continued decreases in either the product removal rate or re-
boiler liquid level automatically shuts off the steam completely.

2.13 Overconcentration

If the feed rate to a concentrator is reduced considerably from normal
flow without a compensating reduction of steam flow rate to the chest (which
should be accomplished by automatic control), overconcentration will occur.
Overconcentration is detected by an increase in the boiling point of the
solution in the reboiler and an increase in the specific gravity of this solu-
tion. Normal conditions may be re-established by establishing the correct
ratio between the rates of concentrator feed and concentrate removal.

2.14 Excessive entrainment

As discussed earlier, de-entrainment factors of about l05 must be secured
during each concentration step in order to produce recovered acid sufficiently
free of radioactivity to permit easy handling. Excessive entrainment during
concentration will probably occur only if excessively high boil-up rates, pro-
ducing a vapor velocity of about 6 ft./sec. or higher in the de-entrainment
tower, are employed. Such a condition will be indicated by excessively high
readings on the differential-pressure indicators. An immediate decrease of
the boil-up rate in the concentrator should remedy this situation.

2.15 Excessive ruthenium volatilization

Excessive ruthenium volatilization is detected by an abnormally high
radioactivity, identified by the laboratory as ruthenium, in the recovered
nitric acid.

As previously discussed in B2.4, the available data concerning ruthenium
volatilization are contradictory in nature, some data implying that ruthenium
cannot be vxlatilized in the acid recovery system, while other data predict
that the. threshold of ruthenium volatility is fairly close to HW #3 Flowsheet
conditions. Factors other than high nitrate concentration which may contribute
to ruthenium volatility include the drying of salt on heat-exchange surfaces
with subsequent thermal decomposition of ruthenium salts; a catalytic oxida-
tion of ruthenium by ferrous, sulfate, or sulfamate ions; and excessive resi-
dence time in the boiling system.

The first corrective procedures to be tried to decrease ruthenium vola-
tilization should probably involve decreasing the nitric acid concentration
in the reboilers. This may be accomplished by adding demineralized water to
the feed (within the heat-duty limitation of the reboiler and condenser).
Increased concentration of nitrite ion was under study at the time of writing
as another possible procedure for preventing ruthenium volatilization.

2.16 Excessive corrosion

Allowance was made for prolonged corrosive action by fabricating the
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lower section of the concentrator from 1/2-inch stainless-steel plate and
the upper section from 3/8-inch plate. Two remotely replaceable heat-
exchanger tube bundles are provided on an installed-spare philosophy inorder to insure a maximum continuity of operation.

2.17 Too high differential pressure across tower

This condition is detected by differential-pressure instrumentation
across the tower. The phenomenon is usually indicative of too high a va-
por velocity in the tower and is most likely to occur when starting up.
This off-standard condition is remedied, at least temporarily, by reduc-
ing the rate of steam flow to the fractionator reboiler in order to re-
duce the vapor velocity.

2.18 Excessive organic in feed

The accumulation of entrained organic material from the Purex pulse
columns in the concentrator feed tanks is expected, and is prevented from
entering the concentrators by baffles provided for this purpose in the
feed tanks. Detection of this material is provided by specific-gravity
dip tubes installed just below the normal liquid working level in the
Acid Recycle and Acid Accumulator Tanks. Jets are installed for discharg-
ing the organic into the Utility Tank, TK-F13.

2.2 Acid Absorber

2.21 Excessive acid in condensate

This occurrence is detected by routine analysis of the condensate
leaving the HNO Condenser, E-F5. Increasing the addition rate of de-
mineralized water added to the Absorber as reflux should remedy the off-
standard conditions, although this method of correction also reduces the
concentration of nitric acid in the Absorber product. Any acid present
in the condensate represents a loss to the system; such acid is removed
by the carbonate neutralization in 216-A-TK1 prior to disposal of the
stream to the 216-A5 Cavern.

2.22 Excessive differential pressure across Absorber

This condition is detected by differential-pressure instrumentation
across the Absorber or, to some degree, by the pressure indicator on the
Absorber reboiler. The phenomenon is usually indicative of too high a
vapor velocity in the Absorber and is most likely to occur when starting
up. This off-standard condition-may be remedied, at least temporarily,
by reducing the flow of feed to the Absorber (by reducing steam flow to
the No. 2 AcidCnnnentator) in order to reduce the vapor velocity.

2.23 Low acid concentration in product

A low acid concentration in the "bottoms" product from the Absorber 0
may be caused by (a) a sub-standard acid feed rate to the Absorber, (b)
excessive reflux to the Absorber, (c) excessive acid losses in distillate
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from the Absorber, or (d) low steam flow to the reboiler when this unit is in
operation. Items (a), (b), and (d) may be detected by flowmeter readings
and/or material balances, and suitable corrections made. Item (c) has been
discussed under 2.21, above.

2.24 Excessive radioactivity in product

The majority of the radioiosotopes which are present in the Absorber feed-
stock will accumulate in the "bottoms" product. Remedial action for excessive
radioactivity in the absorber product will have to be concerned with the No. 2
Acid Concentrator performance, i.e., decreasing radioactivity carryover from
this vessel. See 02.14 and 2.15 for further discussion.

2.25 Chloride accumulation

As discussed in B3.2, above, there is a possibility of an accumulation of
corrosive chloride ion on one or more of the bubble-cap trays. This condition,
should it occur, is detected by routine analysis of the contents of the plates
just above the vapor feed point. If chloride accumulation is detected, the
contents of the plate or plates are purged (either completely and periodically
or by a small continuous withdrawal of liquid) from the system through the purge
line to the BNO Sampler (TK-F3). The required frequency and extent of such
purging is dependent on the rate at which chlorides enter the process as im-
purities in the reagents used, and, hence, must be determined on the basis of
operating experience.

2.3 Vacuum Fractionator

2.31 Excessive differential pressure

This condition may be detected by differential-pressure instrumentation
across the fractionator. The phenomenon is usually indicative of too high a
vapor velocity in the fractionator and is most likely to occur when starting
up. This off-standard condition may be remedied, at least temporarily, by
reducing the rate of feed addition to the tower or the steam flow to the re-
boiler in order to reduce the vapor velocity.

2.32 Excessive pressure in tower

The reduced operating pressure (100 mm. of Hg at top) in the fractionator
is established by a barometric condenser and a two-stage jet for the removal
of non-condensable vapors and is recorded by a pressure recorder. Air is bled
to the system, under flow control, to maintain the exact pressure desired.
Excessive pressure would be developed in the tower if (a) the flow of water
to the barometric condenser ceased, (b) either jet stage or the interstage jet
condenser failed, or (c) the air .bleed rate was above normal. Suitable in-
strumentation is available (as discuase&in hapter XVII) to detect any of
these failures and permit corrective steps to be taken. Air may also leak
into the unit through improper flange connections and cause the subject con-
dition. In this case, the leaks must be found and corrected.
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2.33 Excessive acid in distillate

The distillate (overhead) from the fractionator normally passes through
the barometric condenser to a Tail Water Tank (TK-U8) and then to a cavern.
The pH of the Tail Water Tank effluent is continuously measured and used
to control the addition rate of a sodium carbonate stream to the tank. Ex-
cessive acidity in the distillate is indicated by an above-normal flow of
the sodium carbonate stream. An increase in the flow of reflux to the
fractionator may remedy the off-standard condition. The degree of correc-
tion attainable is limited by the reboiler capacity and differential pres-
sure across the column.

234 Low acid concentration in product

The acid concentration in the "bottoms" product from the fractionator
is normally maintained by a specific-gravity recorder-controller which
resets the set point of the flow controller admitting steam to the re-
boiler. This controls the rate of boiling in the reboiler and produces
the desired concentration of acid in the fractionator product. With this
method of control, only failure of the control system will result in a
low concentration of acid in the product. Remedial action will be con-
cerned with correction of the control system.

2.35 Chloride Accumulation

Accumulation of chloride ion on one or more of the bubble-cap trays
may be corrected by purging (either completely and periodically, or by
small continuous withdrawal of liquid) from the system through the purge
lines to the Purge Tank (TK-U7). The frequency and extent of such purg-
ing is determined on the basis of experience.

2.36 Excessive corrosion

Corrosion rates in the fractionator are normally low because of the
low boiling point of 60 per cent nitric acid under reduced pressure. If
operated at a higher pressure than normal, however, corrosion rates would
increase with increasing pressure, and hence, boiling temperatures. The
fractionator reboiler is external to the column proper, permitting re-placement whenever necessary.

3. Normal Procedure--Waste Disposal

3.1 Neutralization of high-activity wastes

Waste neutralization is a batch operation. After the concentrated
acid waste stream is received and sampled, a 1250-gallon batch (equiva-
lent to about 11 tons of uranium processed) is jetted from the Concen-
trate Sample Tank, TK-F15, to the Neutralizer, TK-F16. After the agita-
tor and cooling coils in the Neutralizer are operating, 470 gallons of
50% caustic is added in increments that do not produce an excessive
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temperature rise in the tank. Next, 3300 gallons of lOW (1.8% Na2COg) from
the ITO Wash Collection Tank, TK-G8, is added to complete the neutraization.
This stream is added at a rate low enough to avoid an excessive rate of car-
bon dioxide evolution.

The adequacy of the caustic and carbonate additions in providing the de-
sired pH (about 8 to 9) may be checked by a sample and/or a pH determination
on the tank contents.

3.2 Storage of high-activity wastes

After neutralization, the high-activity wastes are jetted to a particular
tank in the 241-A Tank Farm via the 216-A-151 and 216-A-152 Diversion Boxes.

As described in C2.32, above, the heat generated by decay of the radio-
isotopes present in the waste causes the stored wastes to boil. The vapors,
so produced, pass through a 20-inch vent line to a 24-inch vapor collection
header. They then pass to a buried de-entrainment vessel and to the contact
condensers which provide direct contact between the cooling water and vapors.
The combined cooling water and condensate are discharged to the 216-A8 Cavern.
Water is added to the storage tank to limit the degree of self-concentration
of the stored wastes, controlling the temperature of the tank contents to the
range of 2500 to 3000F.

3.3 Routing of low-activity wastes

Approximately 1,500,000 gallons of liquid wastes containing only trace
quantities of radiomaterials, primarily process and steam condensates, are dis-
charged from the Purex Plant daily. Process condensates from the Canyon con-
centrator units are collected in a six-inch condensate header located in the
Hot Pipe Trench and are routed via a calcium carbonate neutralizer and a pro-
portional sampler to the 216-A5 Cavern. Steam condensate from the process
vessels discharges through the south wall of the building. With few excep-
tions the lines pass through one of the five trap pits located outside and
adjacent to this wall. When the "gravity" head on the condensate permits,
it passes directly through a trap to the 16-inch condensate header. When
the head is low, as in the case of condensate discharge from major process
concentrators operating under low steam pressure, the condensate discharges
to the trap pit and then by gravity to a condensate pump pit. The conden-
sate is then pumped to the 16-inch condensate header and ultimately to the
216-A6 Cavern.

Unusual activity in the condensate may be detected by scintillation
probes or -sampling. Scintillation-counter probes are located in the header
near the east end of the building and also on the discharge line from each
individual vessel. The proportional sampler pit is located near the 216-A6
Cavern.

3.4 Routing of negligible-activity wastes

Approximately 5,000,000 gallons of raw water employed in process equip-
ment for cooling and general utility purposes are discharged from the Purex
Plant daily. This flow discharges through branch lines which pass through
the south wall of the Canyon building and enter a 30-inch buried collection
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header running parallel to the building. It then flows past instrument
risers containing temperature elements and a scintillation-counter probe
before discharge to a pump pit. The pit contains two pumps, each rated
at 1200 gallons per minute, which can be operated individually or in
parallel. The pumps discharge a portion of the flow to the 201-A water
storage tank and the balance of the flow through a 30-inch vitrified clay
line to the Purex swamp.

When activity levels determined by the aforementioned scintillation
probe exceed a predetermined safe level (probably five times background)
an alarm is sounded in the 202-A Central Control Room, and power to the
cooling-water pumps is automatically disconnected. The source of high
activity may be determined by the use of probe risers located on the dis-
charge line from each individual vessel.

4. Detection and Remedy of Off-Standard Conditions--Waste Disposal

4.1 Excessive uranium and/or plutonium in waste

Rework of the acid waste stream, IWW, is necessary whenever the stream
contains excessive amounts of uranium and/or plutonium. Off-standard con-
ditions are detected during routine sampling of the IWW (1250-gallon batch)
in the Concentrate Sampler Tank, TK-F15. The composition of the off-stand-
ard batch, exclusive of uranium and plutonium, will approximate that of the
1WW shown in Figure X-1, i.e., about 8 M nitric acid with traces of salts
and organic materials. The rework procedure is identical with that described
above (under G1.6) for 2WW Acid recycle.

4,2 Excessive temperatures in the underground storage tanks

Temperatures of 600 to 6500F. in the bottom of the tank may be per-
mitted without fear of weakening the tank structure. Even teiperatures of
900*F. may be allowed with only a small loss in the stress strength of the
tank. If the temperature in the tank exceeds normal limits, dilution water
may be added to reduce the concentrations of solids and so reduce the temp-
eratures. Alternately, a pump may be installed on the tank and the contents
either circulated or pumped to another tank in order to homogenize the con-
tents.

4.3 Excessive radioactivity in wastes normally sent to swamp

This condition is detected by either a scintillation-counter probe lo-
cated a short distance upstream from the pump pit (see C3) or by analysis of
samples from the continuous proportional-sample unit in the pit.

When activity levels_ determined by the probe exceed a predetermined .safe
level (about five times 'ackground), an alarm is sounded in the 202-A Central
Control Room and power to the cooling-water pumps is automatically discon-
nected. The source of high activity can be isolated by use of the probes in
risers located on each vessel discharge line prior to entry into the header.
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TABLE X-1

LIQUID WASTES - PLANT EFFIUENT

Basis: 10 short tons/day of uranium irradiated to an integrated exposure
level of 600 MwD/T (514 g. Pu/ton U) at 5.0 I./T and aged 90 days
after irradiation.

Waste Stream

High-Activity Wastes:

Ntin process(a)

Coating nate

Low-Activity Wastes:

Organic waste

Laboratory waste and cell drain

291-A Stack drain

Fan bearings, turbine condensate,
Control House floor drain

241-A-151 Diversion Box drain

291-A Stack liner drain

Sampler House sink and floor drain

291-A Stack-Gas Filter drain

291-A Stack gutter drains

291-A Stack pit plenum

Process condensate

Steam condensate

241-A-152 Diversion Box drain

Waste Tank Farm condenser disposal

203-A (GET Stoiage) sump

Vacuum Fractionutor Barometric Con-
denser tail water

Negligible-Activity Wastes:

Cooling water

Sanitary sewer

Chemical sever

Volumae,y

2,400

Intermittent

i4,ooo

Intermittent

72,000

Intermittent

190,000

220,000

Intermittent

576,000
Intermittent

320,000

5,000,000

Curies/oal.(b)

56D (V)
1,300 (s)

0.20

0

1o-3 to to-2

0 to 10-7

0 to lo-7

Approx.
Pu Conn.,

G./N1.

1.9

0.2

Disposal Method

241-A Tank Far

241-A Tank Farm

216-A2 Cavern

216"4 Cavern

216-A4 Cavern

0 216-A4 Cavern

- 21644 Cavern

-- Carbonate Neutrali-
zation Tank 216-TXL
to 21644 Cavern

-- 216-A4 Cavern

-- 216-A4 Cavern

- 216-A4 Cavern

-- 216-A4 Cavern

0.02 216-A5 Cavern

-- 216-A6 Cavern

-- 216-A7 Cavern

-- 216-A8 Cavern

-- 216-A9 Cavern

-- 216-A9 Cavern

East Swamp

Tile Field

Tile Field

Notes:

(a) Min process waste from the Pure: Plant is discharged via the Neutralizer Tank
is a composite of the following streams after acid recovery, back-cycling, and
tration operations.

(1) Centrifuge slurry. (6) Solvent recovery system
(2) Solvent-extraction-battery wastes. (7) Vent Condenser condens
(3) Plutonium Concentrator condensates. (8) Utility Tank wastes.
(4) Vacuum Jet Condenser condensate. (9) laboratory radioactive
(5) Interface jet-out wastes. (10) Cell Drain Collection

(b) Beta plus gaen, except where otherwise noted.

-(TK-F16). It
waste concen-

wastes.
ate.

wastes.
Tank mate.

a_

310-6

0
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TABUS X-2

Ohaical Floysheet BW #3

Average processing rate of 8 ton/day of 600-&MD/T, 5.0-W/T,

Straw

A. No. 1 Acid Cnn. Feed:

HAN

2DW (from TE-R8)

Iow (froe Tg-S)

Utility Decanter (T-n4)

HA Column jet-out (T-2)

B. No. 2 Acid Cona. Feed:

UAw

2DW

2AW

IND

vent condensate (E-Fl)

Stes, condensate (Pu Cono.)

Process ooidsanate (from E-IS)

laboratory waste.

Reflux condensate (E-F9)

IA, 2A, 2D Column jet-out

Call Drain Collection (Tr-Fi8)

Vacuum jet condensate (TM-FIS)

0. eutralizer Feeds

Lw

Iow

Caustic

Centrifuge slurry

D. underground Stored Waste.:

Neutralized vaste

Coating wate.I

Volume, lotivity. Curies/Dle Pu,
o/DaG Tg .

9,350

Intermittent

Intermittent

Intermittent

Intermittent

9,300

9,350

3,880

8,500

4,190

504

215

500

Intermittent

Intermittent

Intermittent

Intermittent

885

2,330

333

40

3,590

1,920

5 x so6 2 x 106 7 x 106

800

1.5

2.5

320

800

1.5

2.5

160

1600

3

5

480

, b. -at
LbVk W14 hZ lb.x-hL I~ W La

8.2 32

8.2

8.2

8.2

32

32

10- 5 20-5 2 = 10-5 0.4

5 x 06 2 z 106 7 x 106

260 160 320

8.2

16.4

65

96

3.5

0.4

319

95

50 2110

0.4 1.6

5 . 106 2 . 106 7 x 106

400

25.0

1.6

163

6

15.2 4950 0.11

7.0 1254 5.1

36

912 11.8 2122 7.4 1325

0

90-day-"ooled, irradiated mardun. I1
iJL I6lw

13.0 10,850

12.7 10,500

12.9 10,850

29.1 21,000

10.1 7,570

36.1 3,270

1.8 350

CM

C
0
C
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FIGURE X-4
OPERATING DIAGRAM - ACID ABSORBER

McCABE-THIELE TYPE
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McCABE-THIELE TYPE
BASED ON A PSEUDO-MOLECULAR WEIGHT FOR WATER OF 13.2
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CHAPTER XI. GENERAL DESCRIPTION OF PIANT

This chapter presents a general description of the buildings and other
facilities constituting the Purex Plant. The main emphasis is on archi-
tecture, general equipment layout, and utility services. Detailed
descriptions of equipment are presented in Chapters XII, XIII, XIV, and
XV. Also included in this chapter is a Master Drawing List giving a
selected list of drawings which will be useful in finding specific details
about equipment, equipment functions, and arrangement.

A. GENERAL LAYOUT OF PIANT

1. layout of Production Areas

The philosophy of widely separated and independent production facili-
ties as originally planned at the Hanford Atomic Products Operation (H.A.P.O.)
has been followed throughout recent plant expansion programs including
the Purex Plant. In general, the production area sites and servicing
facilities have been selected to ensure continuity of plant operation in
the event of difficulties arising within individual areas.

The separations plants' sites and parallelism also reflect this
principle of diversification. Thus, the Bismuth Phosphate process operat-
ing in conjunction with the Uranium Recovery (TBP) process performs the
same individual functions of the Redox or the Purex Plant.

Production areas of H.A.P.O., shown in Figure XI-1, are classified
into three groups: the 100, 200, and 300 Areas.

The uranium metal is machined and canned in the 300 Area and sent to
the 100 Areas for processing in any one of the eight piles. Following
pile irradiation and "cooling" in the pile basins, the uranium is sent to
the 200 Areas for separation and recovery of uranium and plutonium.

2. 200 Areas

The three 200 Areas, located from 6 to 10 miles south of the 100
Areas are: 200 East, 200 West, and 200 North.

The 200 North Area, which at present is not being used, contains
facilities for the storage of metal after its discharge from the piles.

The 200 West Area contains the following facilities: (a) power and
service facilities; (b) T Plant, a producing BiPO4 precipitation plant
for plutonium recovery from irradiated slugs (Buildings 221-T and 224-T);
(c) Z Plant, comprising plutonium isolation and fabrication facilities
(Buildings 231 and 234-5); (d) the Uranium Recovery Plant for recovery
of uranium, by TBP extraction, from BiPO wastes and calcination of
recovered uranyl nitrate solution to U0 3 (Buildings 221-U and 224-U);
and (e) the Redox Plant, housing a process to separate, decontaminate, and
recover uranium and plutonium from irradiated slugs (Building 202-S).
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The 200 East Area contains the following: (a) power and service
facilities; (b) B Plant, an inactive BiPO4 precipitation facility (Build-
ings 221 and 224-B); and (c) the new Purex facility (Building 202-A).
The function of Purex is to supplement the H.A.P.O. solvent-extraction
separations capacity in addition to that furnished by the Redox facility.

3. Purex Plant Area

The Purex Plant is located in the eastern section of the 200 East
Area (s shown on Figure XI-2) and consists of the following installations
located as shown in Figures XI-2 and XI-3.

Installation
No. Name Function

Processing Building
(a) Process side

(b) Service side

Chemical Tank Farm

"Cold" Solvent Bldg.

Uranium Storage
Tank Farm

Fan House and
Process Stack

2714-A Warehouse

Diversion Boxes

Cooling Water Tank

Underground Storage
Tank Farm.

(a) Metal dissolution.
(b) Separation and decontamination

of uranium and plutonium.
(c) Waste handling.
(d) Solvent recovery.

(a) Offices.
(b) Control laboratory.
(c) Aqueous make-up of process

chemicals.
(d) Storage, sample and process

control galleries.

Bulk storage of liquid chemicals
(aqueous and organic).

"Cold" organic treatment.

Storage of decontaminated UNH from
the process.

(a) Air exhaust ventilating equip-
ment from 202-A Building.

(b) Dilute Dissolver off-gas.

Sodium nitrate storage.

Route waste and other streams
to outside facilities.

Water supply for 241-A condensers.

Storage for high radioactive wastes.

202-A

211-A

276-A

203-A

291-A

241-A-11
241-A-152

241-A-201

241-A
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Installation
No. Name Function

216-Al Waste Caverns Waste disposal provision for low
through A8 radioactive waste streams.

272-E Mock-Up Shop (old To mock up jumpers and equipment for
Bismuth-Phosphate installation in 202-A Building.
Mock-Up Shop)

2901-A High Storage Tank Emergency supply of filtered water.

B. PUREX PROCESSING BUIIDING, 202-A

1. General Building layout

The Purex Processing Building, 202-A, is a long narrow structure 1005
ft. in length, 119 ft. in width at its widest point, and 64 ft. above grade.
The building consists of three main structural components: a heavily
shielded concrete portion in which the equipment for radioactive processirg
is contained; a pipe, sample, and storage gallery section; and a steel-and-
transite annex which houses the building services. The shielded portion,
or Canyon, extends approximately 40 ft. below grade and is subdivided into
a row of process-equipment cells, a "hot" pipe trench and ventilation air
tunnel arranged parallel to the cells. The area above the cells and
"hot" pipe trench contains the craneways for two gantry-type maintenance
cranes. The galleries which are arranged one above the other adjacent
to the Canyon contain service piping to the cells, samplers for obtaining
process samples and storage space for dry chemicals and telephone
switchgear. Offices, locker rooms, laboratory facilities, ventilation
equipment rooms, electrical switchgear, main operating control panels,
and aqueous make-up facilities are all located in the steel-and-transite
portion of the building. Figures XI-4, 5, 7, and 8 illustrate the build-
ing arrangement.

2. Canyon

2.1 General description

The Canyon contains a single 813-ft.-long row of equipment cells
14 ft. wide, and 39 ft. 6 in. deep, running east and west. A heavy con-
crete shielding wall, 6 ft. thick, separates the cells from the galleries.
Above the cells the concrete shield wall is 4 ft. thick, and the exten-
sion of this wall upward forms a shielded qabway (Crane Cab Gallery) for
the Master Crane. A Slave Crane, which may be operated either directly
and independently or remotely from the Master Crane controls, is provided
on railways above the Master Crane level.

The Pipe Trench which parallels the cells is 30 ft. 6 in. deep and
12 ft. wide at the top and narrows to 11 ft. as the wall between the cells
and the Pipe Trench thickens from 1 ft. 6 in. to 2 ft. 6 in. The wall
between the cells and the Pipe Trench supports one edge of the 3-ft.-thick
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cover blocks which cover the cells and the 2.5-ft.-thick cover blocks
which cover the Pipe Trench. The Air Tunnel, which lies directly below
the Pipe Trench, is 11 ft. wide and 7 ft. 6 in. high. This tunnel ex-
hausts the ventilation air from the cells to the outside stack facility.
The south wall of the Canyon at the Air Tunnel and Pipe Trench levels is
5 ft. 6 in. thick. From the Canyon deck level to the Master Crane level
the south wall is 4 ft. thick and again narrows to 2 ft. 6 in. in thick-
ness from the crane level to the roof. The roof is formed as a concrete
beam 2 ft. 6 in. thick at the edges and 1 ft. thick in the center. There
is no internal truss work used to support the ceiling of the Canyon.

The Railroad Tunnel which is used for bringing in casks of irradiated
slugs and removing equipment from the Canyon, runs north and south forming
a "T" on the east end of the Canyon cells. On the east side of the Rail-
road Tunnel is a ater-filled storage basin for storing irradiated slugs.
The Pool Cell for storing "hot" equipment, the Decontamination and Storage
Cell, and the Hot Shop are located just west of the cell row at cell
floor level. A 3-ft. shield wall separates the Hot Shop from the Decon-
tamination Cell. The Crane Maintenance Platform is located above the
Canyon Lobby at Crane Cab Gallery level at the west end of the building.

Plan views of the Canyon at four levels are shown on Figures XI-5
and XI-6. Longitudinal and transverse sections of the building are shown
in Figures XI-7 and XI-8.

There are twelve "cells" in the Canyon, designated as follows:

Cell A - Dissolver Cell
Cell B - Dissolver Cell
Cell C - Dissolver Cell
Cell D - Metal Solution Storage Cell
Cell E - Metal Solution Preparation Cell
Cell F - Waste Treatment Cell
Cell G - Organic Treatment Cell
Cell H - Co-Decontamination Cycle Cell
Cell J - Partition Cycle Cell
Cell K - Uranium Decontamination Cell
Cell L - Plutonium Decontamination Cell
Cell M - Equipment Decontamination Cell

The above "cell" designations are made according to the individual process-
ing functions and do not indicate a physical partitioning of one "cell"
from another. The actual locations of transverse partitions in the Canyon
were determined by ventilation and radiation criteria, rather than by
nominal "cell" boundaries.

2.2 Canyon piping

Short intra-cell transfers between adjacent pieces of equipment are
made by direct jumper piping connections within the cell. Longer trans-
fers require jumpers to the Pipe Trench wall, and the connections are made
via the Pipe Trench piping, which terminates on the trench wall opposite
the equipment piece being connected. The Pipe Trench also contains "hot"
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process and servicing headers for the equipment in the cells. The Pipe
Trench contains three spare systems besides the spare process line
intended for occasional use at current flowsheet conditions. These systems
are known as General Spare Systems No. 1, No. 2, and No. 3. The No. 1
system consists of a "scallop pattern" of lines in the Pipe Trench terminat-
ing with horizontal male connectors on the trench wall of the cells. By
using short "hairpin" jumpers, connecting adjacent lines, it is possible
to accommodate most jet or pump transfers. The No. 2 system is similar to
the No. 1, except that there are connectors both in the Pipe Trench and
the cell. By installing the "hairpin" jumpers in the trench, transfers
can be made much the same way as with the No. 1 system. The No. 3 system
consists of pipe stubs spaced at 40-ft. horizontal intervals in the Pipe
Trench. These stubs originate as vertical connectors in the Pipe Trench
and terminate with blanked ends outside the south shield wall of the build-
ing. By use of this system in connection with the No. 2 system, it is
possible to connect the Canyon vessels to future outside facilities. A
perspective view of a typical cell showing jumpers installed is sho;In in
Figure XI-9. Schematic Canyon flow plans are shown on Figures XI-lO,
XI-l and XI-12.

2.3 Special. Canyon features

2.31 Water fog

Water fog fire protection is provided in all process cells through
nozzles spaced 9 ft. to 12 ft. apart. The nozzles are located above all
pipe connectors and may also serve for cell equipment wash-down purposes.
A 6-in. raw water header supplies water to separate sets of nozzles in
each cell through feeder lines equipped with diaphragm-operated valves
for flow control. In case of raw water failure, there is a line which
extends through the north side of the building for connection of a pump
truck to the system.

2.32 Fire detection

Photoelectric (Fireye) fire detection units are positioned approxi-
mately every 40 ft. through the cells, depending on available circuits on
the gallery-side electrical jumpers. The fire detection units activate
an alarm in the Central Control Room.

2.33 Vacuum cleaning

Accumulations of dust and/or sand on the Canyon deck act as a vehicle
for carrying radioactive particulate material. The Canyon deck is furnished
with a vacuum system to facilitate the removal of this material. The
system consists of a centrally located exhauster and filter and a header
system with 19 outlets along the Canyon deck and 2 outlets on the Crane
Maintenance Platform. A hose with a cleaning nozzle attached can be
plugged into any of these outlets. The exhauster and filter are located
in a concrete pit outside the building. The filtered exhaust air from
the system is sent to the ventilation air exhaust duct.
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2.34 Wash-down nozzles

A series of wash-down nozzles is provided 5 ft. off the cell floor,
with special nozzles at different levels aimed at equipment particularly
susceptible to contamination. The special nozzles have individual con-
trols separate from the main cell wash-down controls.

2.4 Vessel and condenser vent systems

All non-boilup vessels in the Canyon are vented to the Vessel Vent
Header which runs the length of the Pipe Trench. A jet in Cell F main-
tains vacuum on this header. The boilup vessels in the Canyon are vented
through their condensers to the Condenser Vent Header in the Pipe Trench.
Vacuum is maintained on this header by a jet in Cell F. The jets on
the vessel and condenser vents discharge into a common condenser. The
non-condensables from this condenser are routed through a gas heater, a
silver reactor, and a filter before being discharged into the Air Tunnel.
The vessels in the "Cold" Solvent Building, 276-A, the Acid Storage Vault,
and the PR Room are vented through three separate s stems consisting of
blowers discharging directly into the Air Tunnel.(2 The vacuum on all
of the vent systems is controlled by an air bleed.

3. Product Removal Room

The Product Removal (PR) Room and the PR Vault are located at the
west end of the Storage Gallery adjacent to L Cell. The PR Room is 41 ft.
2 in. long and 19 ft. 6 in. wide and contains three concrete shielded
areas to isolate the Vacuum Tank and the two Plutonium Sampler Tanks from
the working area. The PR Can loading facilities and the decontamination
equipment are enclosed in a stainless-steel framework covered with
transparent Incite panels. Operation of the equipment within the enclosure
is conducted from outside the hood by means of extension handles on the
valves. An overhead electric-powered hoist is used for handling the PR
Cans while weighing and for placing them in jackets before shipment or
storage in the PR Vault. A doorway from the PR Boom provides access to
L Cell for possible contact maintenance of the Plutonium Concentration
Unit. Equipment and room layout are shown in Figure XI-13.

4. Galleries

4.1 General

The galleries are located on the north side of the Canyon. The
Storage, Sample, Pipe and Operating, and Crane Cab Galleries parallel the
Canyon and are located at progressively higher levels. The Storage
Gallery is 19 ft. 6 in. wide and has a floor area of 15,900 sq.ft.,
while the Pipe and Operating, Crane Cab, and the Sample Galleries are
20 ft. wide and have floor areas of about 19,000 sq.ft. each. The
details of the galleries and their relationship to the rest of the
building are shown in Figures XI-5, XI-6, and XI-8.
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4.2 Storage Gallery

The main function of this area is storage of dry chemicals and excess
equipment. A 5-ton-capacity elevator serves the Storage Gallery together
with the Pipe and Operating Gallery and the four floors of the Aqueous
Make-Up Facility. The Telephone Relay Room and motor-generator sets for
furnishing variable-frequency power to the pulse generators are located
in this gallery.

4.3 Sample Gallery

The Sample Gallery contains the remote samplers for obtaining process
solution samples from the cell equipment. The samples are sent to the .
Sample Receiving Room in the laboratory by a dumbwaiter. A shielded pipe
chase behind the remote sampler boxes contains headers for recovered
nitric acid, solvent, sampler drain, and sampler box lines to and from
the cell equipment. Spares for the acid and solvent headers are also
installed in this pipe chase. The main access to the Sample Gallery is
from the SWP Room. Other facilities in the Sample Gallery include:

(a) Diaphragm-operated valves and rotameters for control of recovered
acid and solvent feeds to the columns.

(b) A central dumbwaiter to convey waste material between the Sample
Gallery and the loading dock.

(c) Two vacuum pumps for sampling air throughout the building are
located at the west end of the gallery.

4.4 Pipe and Operating Gallery

The Pipe and Operating Gallery provides space for the non-radioactive
piping and associated gang valves which serve the in-cell equipment.
Since moat of the valves are controlled from the control panels, only a
minimum number of operations are required in this gallery. A few batch-
wise chemical addition tanks are located along this gallery.

4. Crane Cab Gallery

The Crane Cab Gallery provides a shielded area so that under no
condition is the cab or the operator, when entering or leaving the cab,
in a direct radiation aroa. The west end of the gallery opens onto the
Crane Maintenance Platform. The routine access to the Crane Cab Gallery
is from a stairway leading from the SWP Room,

. Service Areas

The service portion which lieu just north of the galleries consists
of two separate annexos. The east annex is a two-level structure 216 ft.
long, 56 ft. wide, and 29 ft, 8 in. high, while the west annex is a five-
level structure 490 ft. 3 in- long, D6 ft. wide, and 62 ft. 1 in. above
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grade at the highest point. The larger annex contains the Maintenance
shops, offices, lunchroom, locker, SWP Room, Blower Room, a switch gear
room, Compressor Room, Central Control Room, and the Aqueous Make-Up
Facility. The smaller annex contains the Analytical and Control labora-
tory, the Head-End Control Boom, and a switch gear room. The arrangement
of these facilities is illustrated in Figure XI-5 and XI-6.

6. laboratory

6.1 layout

The Purex Analytical and Control laboratory, located in the western
end of the east service annex, is 144 ft. long and56 ft. high. The
first floor, containing the laboratory work area and sanitary, lunch,
and change facilities, is on the same level as the Pipe and Operating
Gallery. Because of radiation shielding considerations, the walls and
floor are made of reinforced concrete. The second floor, which houses
the ventilation equipment and service piping, has transite siding.

Figure XI-14 shows the layout of the laboratory work area, lunchroom,
change rooms, and accesses to the rest of the building.

6.2 laboratory utilities

The Ventilation and Equipment Room (the second floor of the labora-
tory) houses all the piping, ventilation duct work, and special miscellaneous
equipment for servicing the first floor of the laboratory. The ventila-
tion equipment, supply and exhaust units, filter boxes, etc., are dis-
cussed under 8.23, below. Utilities and services are supplied to the
laboratory via headers routed in common raceways located in this room.
Services to each room in the laboratory are brought through the ceiling
and terminated at the various benches and tables. Service branches from
the main building utilities include sanitary water, steam, instrument
air, 60 commercial nitric acid, air sampling piping, and breathing air.
A still and a vacuum pump are located in the Ventilation and Equipment
Room and provide the laboratory with distilled water and vacuum.

A 100-gallon carbon steel tank supplies 93% sulfuric acid to the
Laboratory. The tank is refilled as required from the 211-A Chemical
Tank Farm.

Methane, oxygen, and propane gas are piped to the laboratory hoods
from a central gas cylinder station located on the laboratory's north
loading dock.

6.3 laboratory waste disposal facilities

Three types of wastes to be disposed of from the laboratory work-
ing area are: solid waste, sink drainage, and sample slurping-hood
drainage.

elsffw
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A small rectangular vault provided for the solid wastes is located
at the end of the corridor leading to the loading dock. The vault has
8-inch-thick concrete walls and contains a lead box with 5-inch-thick
walls. The highly radioactive solid wastes are stored in the lead box
while the less active wastes are stored on the floor of the concrete
shielded vault.

Two doors open from the vault to the loading dock for transferring
the waste to a vehicle, one from the lead box and one from the vault
proper.

The sink drainage is collected in one of two 8 000-gallon stainless-
steel tanks located in the Acid Storage Vault east of the annex. The
solution is sampled, neutralized and jetted to the laboratory and Cell
Drainage Cavern, 216-A4.

"Hot" liquid wastes accumulated in the decontamination-room receiv-
ing and slurping hoods are routed to the Acid Accumulator Tank (TK-Flo)
in the Process Waste System. A water jet (aspirator) is used to slurp
and dilute the solution.

7. Utilities

7.1 Steam

The Power House, 284-E, supplies 225-lb./sq.in.ga. (4500F.) steam
to an 18-in. overhead line which runs to the Purex area. At the north-
west corner the line divides into an 8-in. line and a 16-in. line. The
8-in. line supplies high pressure steam to the heating and ventilation
equipment, outside facilities, and one end of the Silver Reactor steam
header. The 16-in. line divides into two 14-in. lines which enter
opposite ends of the Pipe and Operating Gallery. The loop is completed
within the gallery by connecting the two 14-in. lines with a 16-in. header
and a 2-in. header. The 16-inch and 2-inch headers are maintained at
100 lb./sq.in.ga. and 25 lb./sq.in.ga., respectively, by pressure reduc-
ing stations. The 100-lb./sq.in.ga. header supplies the steam jets,
some tank coils and 30-lb./sq.in.ga. steam to the concentrators through
individual pressure reducing valves. The 25-lb./sq.in.ga. header
supplies the majority of the tank coils and all service drops. A 2-in.
line branches off the 225-lb./sq.in.ga. line at the east end of the
building to supply the Silver Reactor steam header and form a high
pressure loop with the tie-in from the outside facilities heating and
ventilation steam supply. High-pressure steam to the :emergency exhaust
turbine-driven fan is supplied from the 14-in. line before it enters the
east end of the building. The steam turbine and the Off-Gas Heaters
have first priority on high-pressure steam. At any time if the demand
drops the steam pressure on the system lower than 185 lb./sq.in.ga.
other users are throttled back to maintain this minimum pressure.

W0
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7.2 Compressed air

7.21 Service air

Service air at 100 lb./sq.in.ga. is supplied by two 1000-std.cu.
ft./min. two-stage air compressors driven by 200-hp. synchronous electric
motors that are located in the Compressor Boom. One of the two compres-
sots is a standby for the other. Air flows from the compressors through
an aftercooler into a 4-ft. O.D. by 12-ft. air receiver. From the
receiver the air passes through an 8-in. line to oil-vapor filters.
After the filters, the air line divides into a 4-in. header that serves
the Sample Gallery and a 6-in. header that serves the' Pipe Gallery.

Service air is used for blowing down jet transfer lines, operating
dissolver and vent jets in the event of steam failure, blowing steam
sparger lines to prevent "suck-back", blowing water from tank jackets
and coils to prevent "water hammer" upon introduction of steam to the
jacket or coil, and for operating sampler jets.

7.22 Instrument air

Instrument air at 80 lb./sq.in.ga. is supplied by a Nash Hytor
rotary water-sealed compressor of 370-std.cu.ft./mm. capacity, driven
by a 200-hp. electric motor and located in the Compressor Room. The
air flows from the compressor through a water separator into a 4-ft.
O.D. by 12-ft. receiver. The air then passes through two regenerative-
type air dryers operating in parallel to a 4-in. line which runs
approximately to the mid-point of the 3-in. gallery header. Subheaders
furnish instrument air to the outside facilities and the Aqueous Make-
Up Facility.

7.23 Breathing air

Breathing air at 50 lb./sq.in.ga. is supplied by a Nash Hytor rotary
water-sealed compressor of 105-std.cu.ft./min. capacity, driven by a
40-hp. electric motor that is located in the Compressor Room. The air
passes through a water separator into a 3-ft. 6-in. O.D. by 9-ft. receiver.
The air then passes through a filter to a 3-in. line which branches into
a 2-in. header in the Sample Gallery and a 2-in. header in the laboratory
Ventilation Equipment Room. Outlets and branch lines from these headers
provide breathing air in the Sample Gallery, laboratory, Regulated Shop,
Railroad Tunnel, Decontamination Cell, Hot Shop, PR Room, 276-A Building,
Crane Maintenance Platform, Acid Storage Vault, and laboratory Ventila-
tion Equipment Room.

7.3 Raw water

Raw water at 100 lb./sq.in.ga. is supplied to the Purex area from
Building 282-E by a 24-in. underground line. This line divides into
two 20-in. lines which enter opposite ends of the 18-in. Pipe and Operat-
ing Gallery header to form a loop. A 6-in. fire fog supply connects
into each end of this header and runs as a separate line. A 3-in.
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header ties in at both ends of the 18-in. header and runs the length
of the Sample Gallery. An 8-in. line to the Tank Farm Cooling Water
Tank 241-A-201 ties into the east end of the 18-in. raw water header.
The Tank Farm also has a 6-in. raw water line connecting to "C" Tank
Farm. These two raw water supplies to the Tank Farm are not normally
used.

Raw water is used for cooling water, fire fogand cell washdown.

7.4 Filtered water

Filtered (sanitary) water is used in the 202-A Building for safety
showers, operating area washdown, drinking and toilet facilities, and
for making demineralized water. (See Chapter VIII for details on de-
mineralized water.) The filtered water is supplied to the Purex area
by a 12-in. underground line from the Filter Plant 283-E. This line
branches to supply outside facilities and then divides to enter the
202-A Building at both ends of the Pipe and Operating Gallery. Seven
fire hydrants are situated on the filtered water line as it makes the
loop around the building.

7.5 Electrical power distribution

7.51 Main power suppLy

The main power supply to the Purex facility is carried by two
separate 13.8-ky. power lines to the 13.8-kv. Switching Structure,
252-A, located north of the 202-A Building. One line is supplied from
the 252-B Substation and the other from the 251 Substation. Either line
is capable of carrying the entire plant load. After the 13.8-ky.
Switching Station each main power line supplies a 13.8/2.4-kv. transformer.
Both of these transformers are rated at 3750 kva. and have provisions
for additional cooling fans if needed for increased capacity. These
transformers are located on concrete pads near the east end of the 202-A
Building.

7.52 2.4/480-v. transformers

Two 2.4/480-v. substations are located just outside of the 202-A
Building; one near the 13.8/2.4-kr. substation and the other near the
west end of the building. Each of these substations includes two 1000-
kva. transformers for normal service and one 500-kva transformer for
emergency service. (See discussion of emergency service below.) The
normal service transformers have provisions for adding cooling fans if
additional capacity is required.

7.53 Emergency 2.4-kv. power supply

Normally, the 3750-kva. transformers supply 2.4 kv. to three main
bus bars. One of these bus bars feeds all of the circuits considered
essential in the event of a main power supply failure. Emergency power
at 2.4 kv. is supplied by a 750-kw. turbogenerator located in the Power
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House, 284-E. If the main power supply fails, an electrical outage of
about 15 seconds will occur until the emergency turbogenerator reaches
full load speed at which time the emergency circuits are automatically
energized. Batteries, located in tin Battery Room, supply the power for
throwing switch gear during the 15-second outage.

The emergency circuits are listed below:

1. From the 2.4 -kv. emergency bus bar:
(a) Fence and Guard Tower lighting.
(b) Instrument air compressor.

2. From the east 2.4-kv./480-v. emergency transformer:
(a) East sample hood exhaust fan.
(b) laboratory exhaust fans.
(c) Breathing air compressor.
(d) Emergency lighting.
(e) Instrument power.
(f) Centrifuges G-E2, G-E4, G-G3.
(g) Agitator A-F16 (Neutralizer).

3. From the west 2.4-kv./480-v. emergency transformer:
(a) West sample hood exhaust fan.
(b) PR Boom exhaust fan.
(c) Air sampling vacuum pumps.
d) Emergency lighting.
e Instrument power.
(f) Agitators A-J5-1 and A-J5-2 (2AF Tank).
(g) Centrifuges G-R3, G-R4, G-G4.

8. Ventilation

8.1 General

The ventilation system is designed to insure that the normal work
areas are at all times free of potentially contaminated air from special
hazard zones. The ventilation air is supplied by four systems: Canyon,
Sample Gallery, Service Area, and Laboratory.

A schematic diagram of the 202-A Building ventilation system is
shown in Figure XI-15. This diagram indicates the supply source, the
air changes per hour, pressure, direction of air flowand the exhaust
method for all areas of the building.

8.2 Ventilation equipment

8.21 Process Blower Room

Four process air supply units, each consisting of louvers, preheaters,
washerand blower, are contained in the Process Blower Room located in
the west service annex. Two of these units supply air to the Canyon,
while the other two supply the Sample Gallery, PR Room, Regulated Shop,
and the Canyon Lobby. Each Canyon supply unit is rated at 70,000 std.
cu.ft./min. and has reheaters packaged into the units. Normally, these
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units will operate in parallel but throttled to supply a total of
110,000 std.cu.ft./min. One supply blower will furnish the minimum safe
air supply to the Canyon. Each of the Sample Gallery supply units is
rated at 40,000 std.cu.ft./min. and has reheat coils in the individual
supply ducts. Normally, one of these units is a 100 per cent standby for
the other.

8.22 Service Blower Room

The Service Blower Room, located west of the Process Blower Room in
the west service annex, contains two air supply units that discharge to
a common duct and supply most of the service portion of the building
(excluding the laboratory). Each unit consists of louvers, a preheater,
a washer, and a blower. The reheat coils are in the individual supply
ducts to the various zones. Each unit has a capacity of 70,000 std.
cu.ft./min. which is approximately 50 per cent of the required capacity
for the system; therefore, the units can act only as partial standbys for
each other.

8.23 laboratory ventilation

The ventilation equipment for the Laboratory is located in the
equipment room on the second floor of the laboratory. The main air
supply of approximately 30,000 std.cu.ft./min. is furnished by one of
two parallel units consisting of louvers, preheat coils, air washers,
and blowers. Reheat coils are located in the ducts going to various
zones. Normally, one of the two parallel units is a standby for the
other. A special ventilation system with refrigeration-type air condi-
tioning supplies air of constant humidity to the counting and instru-
ment rooms of the laboratory.

The laboratory ventilation system is designed to maintain the direc-
tion of air flow from the "cold" areas to the "hot" areas within the
laboratory.

Air exhausted from the laboratory hoods is drawn through fire-
proof CWS-type filters by an exhaust fan. A second fan in parallel with
the first is on standby. These exhaust fans are powered by the emergency
circuit. Air from the dressing room area is exhausted directly to out-
side without filtering.

8.24 Special exhaust systems

An exhaust unit at each end of the Sample Gallery withdraws the
air from the sample hoods. These units exhaust through CWS-type filters
to the atmosphere. These units are also switched to the emergency power
circuit in case of power failure.

The main portion of the Sample Gallery, Canyon Lobby, 276-A Build-
ing, Regulated Shop, and the Acid Storage Vault are exhausted by two
units, one at each end of the gallery. These units exhaust to a local
stack and have no filters in the system.
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The PR Room air is exhausted by a single blower through a fire-
proof CWS-type filter. This blower is switched automatically to the
emergency power circuit in case of power failure.

C. OUTSIDE FACILITIES

1. Air Filter and Stack, 291-A

The function of the 291-A Facility is to dispose of ventilation
air and gaseous wastes from the Purex process without creating condi-
tions which are biologically hazardous. The equipment includes the
Ventilation Air Filter, Fan Platform, Stack Sample House, and the
stack.

1.1 Ventilation Air FilterG)

The Ventilation Air Filter (Figure XI-16), located northwest of
the Stack, is designed to remove 99.9 per cent of the radioactive par-
ticles from the exhaust ventilation air before the air is discharged
to the atmosphere.

The filter consists of two fibrous glass beds, the pre-filter and
the clean-up filter. The over-all dimensions of the filter are 82 ft.
long by 52 ft. wide by 13 ft. high. The air exhaust tunnel enters the
intake duct of the filter along one end of the pre-filter bed. The
air flows to the top of the pre-filter section then down through the
bed, then across beneath the filter bed to the clean-up filterand then
up through the clean-up filter bed to the exhaust duct.

The pre-filter contains a 7-ft.-deep bed of "free packed" 115K
Fiberglas.* The desired density gradient is achieved by the weight of
the medium itself and its progressive compression down through the bed.
The filter medium is contained by upper and lower stainless-steel
screens.

The clean-up filter consists of 132 American Air Filter Deep Bed
Filter Units packed with one-half inch of AA Fiberglas* at 1.2-lb./cu.ft.
density and one-half inch of B Fiberglas* at 1.4-lb./cu.ft. density.
These units consist of five wedge-shaped pockets supported in a grid-
type frame. The two flat sides of each pocket provide a one-inch deep
filtering surface through which the air passes. The total area per
unit is approximately 50 sq,.ft.

The design pressure drop for the filter is 4 inches of water at
superficial air velocities of 50 ft./min. in the pre-filter and
20 ft./min. in the clean-up filter. Included in the design is a by-pass
channel and a plug for directing flow to a future filter installation.

*) Nomenclature employed by Owens-Corning Fiberglas Corporation.



m16 XW-31000;i

The Fiberglas filter media are resistant to water and dilute nitric
acid. It is undesirable, however, to have large quantities of water
reach the clean-up filter since the finer medium is highly impervious
to water and a substantial temporary pressure drop increase would
probably result across the filter if wetting occurred. The pre-filter
section is designed to provide insurance against water carry-over to
the clean-up filter. A humidity analyzer is installed in the ventila-
tion duct before the air enters the filter so much of the condensation
can be avoided by adjusting humidity on the air entering the Canyon.

1.2 Fan Platform

Four parallel exhaust fans (three electrical and one steam-turbine
driven) for the 202-A Process Ventilation System are mounted on a concrete
platform near the base of the stack. Normally, the exhaust load is
carried by the three electrically driven blowers, each rated at 42,000
std.cu.ft./min. at a static pressure of minus 15 inches of water.

If any one or all of the electrical units fail, or if the pressure
in the air duct rises to a predetermined level, the steam-turbine
blower will automatically start. This turbine blower is rated at
63,000 std.cu.ft./min. at a static pressure of minus 9 inches of water.

The controls for the blowers are enclosed in a small house on the
platform.

1.3 Process Stack

Located immediately south of the s utheast corner of the 202-A
Building is the Process Stack which is constructed of reinforced concrete
and rises to 200 feet above grade. The exhaust air rises through a
free-standing, seven-foot inside diameter, stainless-steel liner. The
top of the stack is capped to cover the annulus between the stack and
the liner. The bottom of the liner has a dished head which drains to a
collection tank. The inlet breeching for the ventilation air is baffled
and is welded to the liner at an angle of 450 upward.

Six 8-inch nozzles enter the liner below the ventilation air breech-
ing. Three are for routing the Dissolver off-gas to the stack while the
other three are spares.

Stack gas sampling points are located near the top and bottom of
the stack. Lines from these points run to a sample house, located east
of the stack, where the radiological sampling equipment is located.

A wash system, which includes a booster pump, is installed which
permits flushing off the inside walls of the liner.

Yr t -
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2. Chemical Storage Facilities

2.1 Chemical Tank Farm, 211-A

The Chemical Tank Farm, 211-A (Figure XI-3), is located north of
the 202-A Building. The tanks, their use, capacities, and materials
of construction are given in the table below.

Tank No. Service Capacity Material of Construction

TK-10 60% INo3  4,300 Type 309 stainless steel
TK-ll 60% HNO3  100,000 Type 304 s.s.
TK-12 60% HNO 100,000 Type 3041 s.s.
TK-20 50% Na0 30,000 Carbon steel
TK-21 50% NaOH 30,000 Carbon steel
TK-30 Demineralized water 100,000 Aluminum
TIK-4o Hydrocarbon diluent 65,ooo Carbon steel
TK-41 TBP 30,000 Carbon steel
TK-50 H2SO4 750 - Carbon steel

2.2 Sodium Nitrate Storage, 2714-A

A separate warehouse (2714-A) capable of storing 375,000 pounds
of sodium nitrate is located north of the 202-A Building (Figure XI-3).
This separate storage of sodium nitrate is resorted to as a fire pre-
caution, as discussed in Chapter XXII.

3. Uranium Storage Tank Farm, 203-A

Four 100,000-gallon stainless-steel tanks (P-1, P-2, P-3, and P-4)
and two 8,000-gallon stainless-steel tanks (TK-13 and 14) are located
approximately 100 yards north of the 202-A Building.

The 100,000-gallon tanks are used for the storage of 60 per cent
uranyl nitrate product solution (EU). The large volume provided permits
storage of the 2EU prior to shipment to the UO3 Plant (224-U Building).
This storage volume would be utilized in order to allow sufficient time
for radioactive U-237 decay in the event that slugs "cooled" less than
90 days are processed.

The 8,000-gallon tanks provide storage for the nitric acid recovered
from the U03 conversion facility.

The concrete tank pad along with a concrete dike surrounding each
tank provides a basin sufficiently large to prevent spread of material
and contamination in the event of a tank rupture.

There ,are two pump houses located outside the dike, one for trans-
ferring uranium solution to a tank trailer for shipment to 200-W Area
and the other for furnishing the 224-U recovered acid to a second
recovered acid header in the 202-A Building.

'A,



1118 HW-32000 I

4. Underground Waste Storage Facility, 241-A(2)

The 241-A Tank Farm is located (as shown on Figure XI-2) in a north-
east direction from the 202-A Building at a distance of approximately
one quarter of a mile. The elevation of the farm is designed to permit
gravity flow from the waste lines emerging from the 202-A Building to the
farm.

The neutralized concentrated radioactive wastes are jetted from
the 202-A Building to the Diversion Box, 241-A-151, located just south
of the building. The waste then flows by gravity in a 5-line encasement
to the Diversion Box, 241-A-152, located near the 241-A Facility. From
this box the waste can be routed to any of the six underground tanks,
TK-101 through 106. A simplified flow sketch is presented as Figure XI-28.

The reinforced-concrete underground storage tanks (Figure XI-19)
are 75 ft. in diameter with a 3/8-inch mild-steel (SAE 1010) liner extend-
ing 32 ft. 4 in. above the bottom, giving a working volume of approximately
1,000,000 gallons. These tanks differ from previous waste storage tanks
used at H.A.P.O. in the following manner0

(a) They are deeper, for greater capacity.
(b) A flat-bottom design was used with a "T" butt weld at the

bottom of the liner rather than a dished bottom with a 4-ft.
knuckle radius.

(c) Provisions were added to remove boilup vapors to an outside
vapor collection header system.

(d) Tanks are arranged to be filled individually rather than by
cascade as in previous tank farms.

(e) The waterproof membrane between the liner and the concrete
has been eliminated.

(f) X-ray examination of the welds was made on a spot check
basis only, instead of complete X-ray examination.

Vapors produced by heat evolution due to radioactive decay are
vented through 20-inch lines to a central 24-inch vent header. The
vapors are routed to an entrainment removal cyclone (T-401) and then to
either of two contact condensers, E-411 and E-412. The entrained liquid
collected in the entrainment removal cyclone is drained by gravity to
TK-106. The vapors e condensed by utilizing the cooling water from
the 202-A Building. fi The condensate and the cooling water are routed
to Cavern 216-A8 for disposal. A blower vents the condensers to a de-
entrainment tower (T-433) and then to a local stack.

All the underground tanks have a thermowell with a 2000. to 2200C.
indicating thermometer. TK-101 has additional temperature monitors.
Included are nine thermocouples on the floor of the tank and six thermo-
couples located in the soil at various levels and locations below the
tank floor.k5 )

-m
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5. Waste caverns(8)

Low-activity liquid wastes are routed to rock caverns located in
various locations around the 202-A Area, as shown in Figure XI-2.

"Cavern" is a new term introduced by Radiological Engineering to
differentiate these underground seepage waste disposal facilities from
the standard Hanford "crib" made by cross-stacking timbers to form an
underground box.

The caverns consist of a network of perforated vitreous pipe laid
on a T-ft.-deep bed of 3-in. (or greater) rock. The pipe is covered
with a 4 -in. layer of 3/4-in. to 1-1/2 in. diameter gravel and 4 in. of
1/4-in. to 3/4-in. gravel, 2 in. of sand, 2 layers of Sisal-Kraft paper,
another 2 in. of sand and an earth back-fill. The Sisal-Kraft paper is
to prevent silt from seeping into and plugging the gravel bed. A
typical cavern is shown in Figure XI-17.

Estimated percolation rate for these caverns is 200 gal./(day)(sq.ft.
of cavern). The caverns and their locations, functions, and sizes are
listed below.

Cavern
No. Function Size, Ft. Location

216-Al Abandoned
216,A2 Organic waste 20 x 20 South of 202-A
216-A3 Abandoned
216-A4 Iab. and cell drain 20 x 20 . South of 202-A
216-A5 Process condensate 35 x 35 South of 202-A
216-A6 Steam condensate 100 x 100 East of 202-A
216-A7 Diversion box drain 10 x 10 Near 241-A-152
216-A8 Tank farm condensate 80 x 8o East of 241-A
216-A9 203-A sump and Vacuum 30 x 200 North of 203-A

Fractionator condensate

6. Cooling Water Disposal

The cooling water used for condensers and tanks in the 202-A
Building is routed to an underground header located south of the build-
ing. The water flows to an underground basin east of the 202-A Build-
ing from where it is pumped to a 750,000-gallon storage tank (241-A-201).
Any excess water runs to a headwall into the swamp.

The 241-A-201 Tank provides a 15-lb./sq.in.ga. head on the cooling
water line to the Tank Farm condensers. The Tank Farm condensers
discharge their cooling water and condensate to Cavern 216-A8, or it
may be diverted to the swamp. Both lines to the swamp contain propor-
tional samplers and scintillation counters for detection of any radio-
active waste solution entrained in the condensates.

_4 _i IeI
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7. "Cold" Solvent Building, 276-A

Located at the extreme west end on the north side of the 202-A
Building is the "Cold" Solvent Building 276-A. It has two functions.
The main function is to house the equipment used for decontaminating
the organic waste. stream from the Final Uranium Cycle. A secondary
function is to provide a means by which fresh hydrocarbon and tributyl
phosphate may be brought into the process.

8. Acid Storage Vault

The Acid Storage Vault is located along the north wall of 202-A,
just east of the Head-End Control Room. It is constructed with 1-ft.
6-in. reinforced concrete walls and is 98 ft. long, 20 ft. wide, and
35 ft. deep. Removable concrete cover blocks one foot above grade form
the roof. It contains four large tanks: two for collecting and sampling
low-activity laboratory waste, and two for storage of recovered nitric
acid and its supply to the Recovered Nitric Acid Header in the Sample
Gallery. The tanks are fitted for contact maintenance. Personnel
access to the vault is from the Sample Gallery through an electrically
operated door and an air lock.

9. Vacuum Fractionator Building(7)

At the time of this writing, design and construction of the Vacuum
Nitric Acid Fractionator and .the building housing it with its auxiliaries
was not complete. However, preliminary designs had been prepared. On
the basis of this design, the Vacuum Fractionator Building is located
at the northwest corner of the Acid Storage Vault. It is constructed
of reinforced concrete with 1-ft.-thick walls. The building proper is
above grade with a pit for the tail-water tank extending 10 ft. below
grade. The over-all outside dimensions of the building are 28 ft. by
35 ft., and it is 45 ft. 6 in. above grade at the highest point. Equip-
ment may be removed through removable 8-in.-thick cover blocks on the
roof. Personnel access to the building is by two doors on the east
wall opening to the outside at grade level.

10. Equipment Disposal Facility3)

In other separations plants contaminated equipment which has
failed is crated and hauled from the plant on flatcars to the burial
ground. Owing to the size of some of the Purex equipment pieces,
particularly the large concentrators, this method of equipment disposal
becomes more difficult and costly. In order to minimize the difficulties,
costs, and potential hazards encountered in handling large radioactive
equipment pieces on the railroad right-of-way, a new facility has been
added to the south end of the Railroad Tunnel. It consists of a 500-ft.-
long extension of the tunnel into which failed equipment can be pushed
on expendable flatcars. At the extension entrance is a "Y" for future
addition of another disposal facility. A water-filled door will shield
this area from the tunnel during routine operation.
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D. MASTER DRAWING LIST

The Master Drawing List. (Tables XI-1 to XI-3) provides a list of
some of the more useful drawings from which details about the Purex
Plant can be obtained.

1. Process Flow Diagrams

Process Flow Diagrams (listed in Table XI-1) are the basic engineer-
ing scope material from which equipment sizes and layout of equipment
are decided. They show a schematic flow picture of the process, tankage
required, equipment heat-transfer duty, control functions, flow rates,
stream compositions, and material balances.

2. Engineering Flow Diagrams

Engineering Flow Diagrams (Table XI-1) are the first step in the
detail design of the plant. They show equipment arrangement, line
numbers, tank sizes, layout of remote connectors, ratings of pump and
jets, pipe sizes, instrument designations, spare routings and, in general,
all information required for going on with detail design.

3. Instrument Engineering Flow Diagrams

Instrument Engineering Flow Diagrams (Table XI-l) show a schematic
arrangement of process equipment with special attention called to
instrument function. Detail information as to size and range is given
for each valve, rotameter, orifice plate, recorder, alarm, and other
instrument components.

4. Piping -- Cell Arrangement and Wall Pattern -- Plan and Elevation

This group of drawings (Table XI-2) shows exact elevations and lay-
out of vessel nozzles and wall nozzles by means of elevation and plan
views of the cells.

5. Class I Equipment As-Built Drawings

This group of drawings (Table XI-2) will contain "as-built"
location dimensions of all Class I vessels in their respective cells.
These drawings will be useful in designing new jumpers for additions
after the plant is operating.

6. Miscellaneous Drawings

This list (Table XI-2) includes drawings of general interest listed
in drawing-number order. Of special interest are the flow diagrams of
individual service headers and key drawings which show the numbers of
detail drawings for small sections of the building.

7. Blueprint File Table

The Blueprint File (BPF) is the group of vendor drawings furnished
with each piece of equipment. Its contents are indicated in Table XI-3.
For specific questions about a piece of equipment, this is the best source
aof infor$t ion.
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Partition Cycle Decontamination
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PBOfl Fwj DIAGrAN9

Sheet Drawing
No. No.

I 1-2-4130
2 1-2-54131
1 U-2-54132
2 1-2-54133
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3 H-2-%166

Title

Plutonium Decontamination Cycle

Solvent Treatment Cycle No. 2

Decontamtion Cal and Hot Shop
Recovered Acid Storage
laboratory Waste Treatment
Aqueous Make-Up

Header Piping

Chesical Tank Farm - 211-A Bldg.

UE Storage Facility - 203-A Bldg.

Sheet Drawing
No. No.

1 H-2-54167
2 H-2-5168
3 H-2-54169
1 1-2-54170
2 H-2-54171
3 H-2-%172

H-2-54173
H-2-%174
H-2-54175
H-2-la77

6 H-2-54182
1 H-2-54183
i 1-2-54186
1 H-2-54803
2 H-2-54804

H-2-54805
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Title

Netal Solution Feed Preparation

Pre-cycle

Aqueous Make-Up

Partition Cycle

Product Decontamination Cycle

By-Product Decontanation Cycle

Sheet Drawing
No. No.
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2
3

2
3

I

1-2-151

H-2-55158
E-2-55159
1-2-55160
B-2-55161
1-2-5162
H-2-55163

H-2-1167
H-2-55168

1-2-17tL
H-2-55172
H-2-55173
H-2-55174
H-2-5175

H-2-5Z78

Title

Solvent Treatment Cycle No. I

Waste Treatment

Solvent Treatment Cycle No. 2

Process Vent System
laboratory Waste Treatment
Decontamination Cell and Not Shop
Recovered Acid Storage
Header and Service Facilities
UNK Storage Facility
Chemical Tank Fare
Outside Cooling Water and Steam
Condensate Headers, Catch Tank,

216A-TK-2, Flash Tanks
TK-618-1 and 2K-618-2

Sheet Drawing
NO. NO.

1 -2-J5179

4 H-2-55182
1-2-5183

i i
8 H-2-55190i E-2-55191
5 H-2-55195

1-2-55196
R-2-55197
E-2-55198
0-2-55199
l-2-552M
a-2-54336
H-2-54337
H-2-54338

Drawing
No.

1-2-54139
H-2-%140
1-2-54141
1-2-4142
H-2-54143

H-2-54144
U-2-54806
SK-2-1596
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TABLE I-2

MARTR nRATJrT LTT. PART I EI flUTPM2.. PIPING. AMD 19SCELLANEUS

CIASS I MUIPHIT AS BUILT DRAWINGS

Title

Standard 10' 0" x 91 3" Tank
Standard 7' 0" x 6' 9" Tank
10' 0"x 8' 6" Tank TK-G1
10' 6" x 16' 0" x 14' Q" Tank TK-GS, 07
8' 0" x 12' 4 Tank TK-A3, B3, C3
9' 0" x 6' 0" Filter F-Al, BI, C1
Filter F-WI and Condenser 3-F1
4' 0" x 5' 10" Tanks TK-G6, 714
2' 6" x 6' r" Tank TK-J5
Reactor T-A2, B2, C2, F2; Heater 1-A2, B2,
02, F2
Tower T-A3-1, B3-1, 03-1; Knock-Out Pot
T-A3-2, B3-2, 03-2
Dimension Table 1-F6, Fi1-1, H4-l, J8-i,
K4-1, Fl-2, H4-2, J8-2, Kh-2, SP-P6, Fll,
H4, J8, K4f
Dimension Table TK-Fin, F12, Y13, F15, Fn6,
ri8, G8, Hi, J1, J3, Kl, K5, K6
Tower T-F5, Condenser 3-75, Seal Pot SP-F5
Concentrator Cell

Title

Gallery Side - Cell A
Trench Side - Cell A
Gallery Side - Cell B
Trench Side - Cell B
Gallery Side - Cll C
Trench Side - Cell C
Gallery Side - Cell D
Trench Side - Cell D
Gallery Side - Cell Z
Trench Side - Cell R
Gallery Side - Cell F - Sheet No. I
Gallery Side - Cell F - Sheet No. 2
Gallery Side - Cell F - Sheet No. 3
Trench Side - Cell F - Sheet No. I

Drawing
No.

E-2-52521
H-2-52522
11-2-52523
H-2-52524
H-2-525 5
H-2-52526
H-2-5252T
H-2-52528
H-2-52529
1-2-52530

9-2-52531

H-2-52532

H-2-52534

H-2-52535
H-2-52536

Title

Con. z-r6, Fll-I, H4-1, J8-1, K4-1
Cond. 711-2, H4-2, J8-2, 14-2 Elev.
Seal Pot SP-F6, Fil, H4, J8, K4
Condenser XF-9
Concentrator 1-Lk&, L7
Tank TK-I6
Seal Pot SP-F5, F6, ni
Tover T-G2
Tower T-F5, Good. 3-F3, Seal Pot SP-75
Tower T-LI
Tower T-H2, J2, E(2
Tower T-J4
Tower T-H3, J7, K3, Sampler Pot SPIP-H3,
J7, K3
Tower T-12
Liquid-Liquid Centrifuges G-03, G4, 33, AI
Solids-Liquid Centrifuges G-R2, A4
Large Pulse Generators PG-02, 32, J2, J6,
J7, K2, K3, R2, H3
Sall Pulse Generators PG-A, 11, X2

PIPING - CELL ARAIIEMI AND WALL PATTRN
PLAN AND ELZVATION

Drawing
No. Title

H -2-54100
H-2-54101
H-2-54102
n-2-54103
1-2-54104
E-2-54105
H-2-54106
H-2-54107
H-2-%108
H-2-54109
H-2-5k10
H-2-54111
U-2-54112
1-2-54113

Tronch Side - Cell F - Sheet No. 2
Trench Side - Cell F - Sheet No. 3
Gallery Side - Cell G
Trench Side - Cell G
Gallery Side - Cell H
Trench Side - Cell H
Gallery Side - Cell G
Trench Side - Cell G
Gallery Side - Cell K
Trench Side - Cell K
Gallery Side - Cell L
Trench Side - Cell L
Cll M

Drawing
No.

R-2-52537

1-2-52538
E-2-52539
H-2-525110
H-2-52541
11-2-52542
H-2-52543
H-2-524
H-2-5P545
H--52546
H-2-52547

H-2-52548
H-2-5318
H-2-53179
H-2-53178

H-2-53177

Drawing
No.

H-2-5411k
E-2-5415
I-2-54n6
11-2-54117
1-2-54118
11-2-54119
H-2-54120
11-2-54121
11-2-54122
1-2-54123
H-2-J124
H-2-5ki25
U-2-5h225

MISCELIANm2ID DAWINGS

Title

Architectural-Finish Schedule

Structural - Construction Key

Piping - Key Construction Index
- Hot Pipe Trench Schematic

Rog. Flow Diagram
Steam Headers - Sheet I
Wash Down System
Fire Fog System
Stean Header - Sheet 2
Raw Water Header - Sheet I.
Sanitary Water Header
Inst. and Plant Air Hire. - Sheet I
Inst. and Plant Air Hdro. - Sheet 2
Compressor foom
Jet Gang Valve Hdr.
Analytical Laboratory Services
Inst. Air and Vacuum Systems
Analytical Laboratory Services
Methane and Acid
Vacuum Sampling System
Gallery Process Hdr. - Sheet I

- Sheet 2
- Sheet 3
- Sheet 4

Drawing
No.

1-2-52039
1-2-52040
H-2-52041
H-2-52251
H-2-52252
B-2-52253
E-2-53167
11-2-53168

H-2-53187
E-2-54188
B-2-54189
H-2-54190
H-2-54191
H-2-54192
H-2-54193
E-2-54194
H-2-54195
H-2-54196
E-2-54197

B-2-54198

H-2-54218
H-2-54219
E-2-54220
H-2-54221

Title

Eng. Flow Diagram
Fire Fog System - Sheet I
Condensate System
Analytical laboratory Services
Propane and Oxygen
Analytical lab. Services
Distilled Water and Sanitary ater
Canyon Deck Vacuum Cleaning Syntem
Cold Process Hdra. - Aqueous Make-Up

Electrical
One Line Diagrea - Sheet 1

- Sheet 2
- Sheet 3

Cathodic Protection, Plot Plan, Section
Ing. Plow Diagram

Outside Utility Lines
Outside Waste Lines - Sheet 1
Outside Chemical Sewer
Outside Waste Lines - Sheet 2

Piping - fly Plan Outside Facilities
Instruments

Waste Storage - Inst. hNg. Flow Diagram
Underground Tk. Temperature Monitoring

Drawing
No.

H-2-54222
H-2-5h24
R-2-54231

E-2-5232

B-2-54233
H-2-5423k

U-2-54350
H-2-54351
R-2-%352
H-2-55072

1-2-55084
R-2-55086
1-2-55087
X-2-55068
R-2-55130

1-2-55907
H-2-55922
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CHAPTER XII. PUISE COLUMNS

The pulse columns are the heart of the Purex Plant. It is in these sol-
vent-extraction columns that the plutonium and uranium to be recovered are
separated from each other and from the fission products. The technical
bases of the design specifications and the performance characteristics of
the pulse columns are discussed in Chapter V. The purpose of the present
chapter is to describe the salient design features of the pulse columns
and the associated pulse generators.

A. COLUMN DESIGN SPECIFICATIONS

1. General

The design specifications of the twelve pulse columns of the Purex
Plant are summarized in Table XII-1 and Figures XII-1 and II-2. Simplified
drawings of the several pulse columns, discussed in Section B, below,are
presented as Figures XII-3 to -XII-9. The major dimensions of the columns
are as follows:

Plate (or Packed) Section
Over-all Internal

Column Height, Ft.* Diameter, In. Height, Ft.

HA, IA, 2D 33 24 extn. 13.5 extn.
32 scrub 13.2 scrub

HC, IC, 2E 27 34 18.0

IB Extraction 33 27 28.0

IB Scrub 19 8 13.3

2A 40 7 20.9 extn.
9.8 scrub

2B 30 7 21.0

10, 20 33 34. 26.3

*) From bottom surface of bottom disengaging section to
top surface of top disengaging section.

The required pulse conditions involve the use of only two different
sizes of fixed-amplitude, variable-frequency pulse generators in the plant:
(a) a 48 5-cu.in.-displacement pulse generator with a frequency range of 35
to 110 cycles/min., and (b) a 44-cu.in.-displacement pulse generator with a
frequency range of 25 to 100 cyc./min. The pulse conditions for each of the
columns are tabulated below.
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Pulse
Volume, Amplitude, Frequency,

Column Cu. In. In. Cyc. iin.

HA, IA, 2D 485 1.1 extn. 35 to 110
0.6 scrub

HC, IC, 2E; Ic, 20 485 0.53 35 to 110

IB Extraction 485 0.84 35 to 110

IB Scrub 44 0.84 25 to 100

2A, 2B 44 1.1 25 to 100

2. Design Capacity

The pulse columns were designed for a nominal instantaneous process-
ing rate of ten tons of uranium per day. However, test operation of
prototypes or near prototypes of the columns has demonstrated a wide
throughput range with good performance, extending at least as low as 3
short tons of uranium per day, and short runs with "cold" uranium indicated
the operability of the columns at rates extending as high as 16 to 20 tons
of uranium per day (instantaneous rates), although the tests provided no
assurance that these high rates can be successfully sustained for long
periods in radioactive service.

3. Cascade Arrangement

The columnseare placed in the cells to permit gravity flow of product
streams from the HA Column to the HC Column, from the IBX Column to the
IBS and IC Columns, from the 2A to the 2B, and from the 2D to the 2E Column.
The solvent flow leaving the 10 and 20 Columnx is in each -instance, divided
equally by weirs. Each split stream cascades by gravity to two centrifuges,
in parallel, for further treatment. The relative elevations of all column
tops with respect to one reference plane are listed in Table XII-1. (See
third column of table and Note (b)).

4. Plate and .acking Design

The countercurrent flow sections of the several pulse columns are
fitted with horizontal sieve plates of two different designs (described
under 4.1, below), and in some cases are also equipped with louver-plate
redistributors (described under 4.2). One exception is the 2A Column which
employs Raschig-ring packing as indicated under 4.3.

4.1 Sieve plates

Stainless-steel perforated plates are employed in all columns in which
the aqueous is the continuous phase, i.e., in the HA, IA, IBX, IBS, 2B, and
2D Columns. The plates used have I/8-in.-diameter holes spaced 1/4 in.
apart (center to center) in an equilateral triangular arrangement, giving
a free (perforated) area of 23%. The plates are spaced 2 in. apart. As
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discussed under 4.2, below, louver plates are employed at selected plate-
section locations in conjunction with the stainless-steel sieve-plate cart-
ridges in all of the above-enumerated columns with the exception of the 2B
Column.

Perforated plates made of fluorothene* (polytrifluoromonochlorethylene,
also designated as Kel-F*), an organic-phase-wetted plastic, are used in all
columns in which the organic phase is continuous, with the exception of the
2A Column, in which fluorothene Raschig rings (see 4.3, below) are employed.
Thus the HC, IC, 2E, 10, and 20 Columns are provided with fluorothene sieve
plates. These contain 3/16-in.-diameter holes on 3/8-inch center-to-center
equilateral triangular spacing, giving 23% free (perforated) area. The
plates are spaced 4 inches apart.

4.2 Louver plates (redistributors)

Louver-plate phase redistributors are provided at selected locations in
the sieve-plate cartridges of the A-type columns (HA, IA, and 2D) and the
IBX Column to break up channeling; and in the IBS Column, primarily to
stabilize the operation of the column at high throughput rates.

The louver plates each consist of a 1/8-in.-thick stainless-steel
disk with variously 4 or 8 rectangular "louvers" opening upward from the
disk and oriented so as to impart to the column contents a swirling motion
(counterclockwise as seen from above) during the upward phase. of. the pulse
movement in the column. Vertical baffles are placed in front of the louvers
on all except the IBS Column louver plates to provide additional agitation.
The free area of the louver plates is 13% in the A-type column extraction
sections, 16% in the A-type column scrub sections and in the IBX Column,
and 20% in the IBS Column. Details of the design of the various louver
plates are shown in Figure XII-2. Their positions in the several columns
are shown in Figures XII,-3, 5, and 6.

4.3 Packing

The 2A Column is packed with 1-in.-diameter by 1-in.-long fluorothene
Raschig rings. Each ring is a. cylindbr with a continuous (not split) wall
approximately 1/16 in. thick. A one-foot-high packing-free section is
provided for the introduction of the 2AF stream, but the two intermediate
scrub inlets in the scrub section discharge directly into the packing.

This application of a pulsed packed column is the first in a H.A.P.O.
production plant and vas specified because of its demonstrated superiority
over all plate cartridge geometries tested for. the 2A Column.

------ -- -- -- ------------------------ -- ----

*) "Fluorothene" and "Kel-F", while actually manufacturers' trade names, are
used here,interchangeably, as convenient colloquial terms designating
polytrifluoromonochlorethylene plastic regardless of make.
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The packing supports and hold-down grates are of a conventional
grid-type design with 80% free area (approximately the free area of the
packing). Saw-tooth indentations on the grids, oriented towards the
packing (i.e., upward on the supports, downward on the hold-down grids),
are designed to help prevent "blinding" of the grids by the Raschig
rings. Details of these supports are included in Figure XII-7.

4.4 Cartridge construction

The stainless-steel sieve and louver plates are supported by 7/16-in.-
diameter rods connected at the top and bottom of the cartridge to support
"spiders". Sections of 3/8-in. Schedule 40 pipe slipped over the rods are
used to hold the plates apart. The fluorothene plates of the C-type and
0-type columns are supported similarly with 1/2-in. rods and 1/2-in.
Schedule 80 pipe spacers. With this type of construction the plate
bundles may be removed from the column for replacement or modification by
removing the top flange of the column (a contact-maintenance operation)
and cutting off hold-down lugs welded to the shell above the top support
spider. To remove the scrub-section plate cartridges from the dual-pur-
pose (A-type) columns it is also necessary to remove the intermediate scrub
distributors. Removal of the extraction-section cartridges of these
columns requires cutting the column shell below the feed distributor.

The following table gives the spacing and the number of tie rods for
all plate cartridges:

Circle No. of No. of
No. of Diameter, Tie Rods Tie Rods Connected

Column Tie Rods In. on Circle to Support Spider

HA, IA, 2D 13 0 1 1
extn. section 12 4 4

21 8 4

HA, IA, 2D 21 0 1 1
scrub section 14 4 4

23 8 0
29 8 4

EC, IC, 2E; 49 0 1 1
10, 20 10 8 8

20 16 8
30 24 8

IBX 21 0 1 1
12 4 4
19 8 0
24 8 4

IBS 3 6 3 3

3 5 32B 3
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5. Distributors

The influent-stream distributors, shown in Figure XII-1, are designed
to provide reasonably uniform phase distribution across the column cross
section without unnecessary complexity of design. The numbers and sizes
of discharge holes or nozzles are such as to result in discharge velocities
(typically in the neighborhood of 0.8 ft./sec. at 10 tons U/day) which are
sufficiently high to cause some mixing and hence good distribution of the
influent stream, yet not high enough to promote flooding in the column due
to excessive turbulence. Pipe sizes for the approaches to the discharge
outlets are such that the flow velocities in the approach pipes are only
about 10 to 20% of the discharge velocities, so as to insure uniform flow
rates from the several discharge holes or nozzles.

The intermediate feed distributors for the A-type columns (i.e., the
HAF, IAF, and 2DF distributors) employ four nozzles with a tangential
orientation, sized for a relatively high discharge velocity (about 2 ft./
sec. at 10 tons U/day), to provide good mixing and blending of the incom-
ing aqueous feed solution with the aqueous spent-scrub solution in the
column. While such jet-mixer-type distributors are not used at the inter-
mediate scrub introduction points in the HA, IA, and 2D Columns, a similar
function is accomplished by the louver plates located just below these
inlets.

The design of the external ring-type distributors for the BS stream
and for all influent streams to the 2A and 2B Columns was influenced by
the nuclear safety considerations discussed in Chapter XXIII.

6. Disengaging Sections

Phase-disengaging sections of all columns were designed to provide at
least 7 minutes (generally 10 or more minutes) holdup time for the phases
leaving the column at an instantaneous processing rate of 10 short tons
U/day. The designs of the disengaging sections are indicated in Figures
XII-3 to XII-9.

Where no safe-geometry criticality control is involved (i.e., in con-
junction with the HA, HC, IA, I=X, 2D, 2E, 10, and 20 Columns and the top
of the IBS Column) rectangular box-type top disengaging sections and verti-
cal or near-horizontal cylindrical bottom disengaging sections are used. A
liquid depth of at least two feet is provided for good disengagement. The
enlargement of the cross-sectional area in the disengaging sections over
that of the adjacent plate sections permits the needed disengaging volume
to be provided with a minimum expenditure of cell height, and also results
in a pulse amplitude which is sufficiently decreased from the plate-section
amplitude not to inhibit disengagement. The cylindrical bottom end designs
combine fairly simple types of construction with mechanical strength to with-
stand the working pressures. The relative rigidity of the cylindrical bottom
end sections minimizes wall flexing ("breathing"), and hence distortion of
the transmitted pulse, as a result of pressure variations due to pulsing.
The ceilings of the bottom end sections are sloped to prevent the accumula-
tion of air bubbles, which would partially absorb or augment the pulse.
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Three-inch-deep, near-horizontal, slab-shaped ("beaver-tail") disen-
gaging sections are provided for the 2A and 2B Columns and for the bottom
of the IBS Column. The slab design is used to provide the necessary disen-
gagement volume in a section geometrically safe from a slow-neutron chain
reaction. (The principles of safe-geometry design are discussed in
Chapter XXIII.)

The following table lists the volumes and holdup times for all dis-
engaging sections. The holdup times are based on an instantaneous flow
rate of 10 tons U/day using the Purex HW #3 Flowsheet.

Flow Rate of
Disengaging Volume,* Disengaged Stream, Holdup

Section Gal. Gal./Min. Time, Min.

HA, IA, 2D top 220 19 6 11
HA, IA, 2D bottom 108 8.1 13
HC, 2E top 223 19.0 12
IC top 223 22.8 10
HC, IC, 2E bottom 513 35.1 15

IBX top 165 23.5 7
IBX bottom 45 1.7 27
IBS top 41 3.2 13
IBS bottom 24 1.6 15

2A top 18 0.7 24
2A bottom 24 3.4 7
2B top 14 0.7 19
2B bottom 12 0..4 31

10 top 397 41.7 10
10 bottom 305 13.9 22
20 top 397 19.0 21
20 bottom 305 19.0 16

*) Effluent-phase volume, taken (a) for disengaging sections oppo-
site the interface, as the volume between the nearest influent
distributor and the column outlet; and (b) for interface-end
sectionsas the volume from the mid-point between the interface
diptubes to the column outlet.

7. Column Instrumentation

Interface position and static pressure are determined for all columns,
and specific gravity of the effluent stream leaving at the interface end of
the column is determined for all except the 2A and 2B Columns. The 10 and
20 Columns also contain liquid-level or pressure alarms at the top of the
columns, to detect incipient loss of solvent to the vent system. Air-
purged dip tubes are used as the sensing elements for 41 measurements,
except the bottom interface position in the 2A Column.7) A capacitance
probe inserted in a special interface chamber (shown in Figure XII-7),
designed to render the probe replaceable by remote-maintenance methods,
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is used as the interface-sensing device fo the 2A Column when operating
normally with the organic phase continuous.). Spare air-purged dip tubes
are installed (though not connected) (a) in the top disengaging section, to
provide for possible future top-interface operation of the 2A Column; and
also (b) in the bottom disengaging sedtion, as a potential alternate inter-
face-position sensing device. The interface, specific gravity, and pressure
alarm dip tubes for all but the 2A and 2B Columns are installed by removable
pipe "jumpers". The 2A and 2B Column interface dip tubes are permanently
installed. The following table indicates the dip tube spacings.

Dip Tube Spacing, In.
Column Interface Specific Gravity

HA, HC, IA, IBX, IC, 2D, 2E 12 12
IBS 10 10

2A 8(a) (top), 10 (b) (bottom) --
2B 8 --

10, 20 12 10

Notes: (a) A third dip tube, terminating at an elevation midway be-
tween the two interface tubes, is installed as a spare.

(b) Effective height of sensing element (capacitance probe).

Descriptions of the column instrumentation will be found in Chapter
XVII. The functions of the column instruments and their use in detecting
off-standard conditions are discussed in Chapter VI.

8. Spare Nozzles

The bottom (aqueous) outlet of each column is spared to permit con-
tinued operation if the normal outlet should become plugged or otherwise
inoperable. Steam jets are connected to these spare lines to permit empty-
ing the column.

Spare nozzles (or permanently installed 1/2-in. lines) are placed on
top of the top disengaging sections of all columns. The suction leg of a
steam jet is installed in the spare top nozzles of the HA, IA, 2D, and IBX
Columns to permit jet-out of any excessive "crud" which may gather at the
interface. The spare nozzles or lines of the other columns may be piped
similarly if desired.

9. Overflow Lines

The diameters of the organic overflow lines are 8 in. for the large-dia-
meter (2 4 -in. to 34-in.).columns and 3 in. for the small-diameter (7 and 8-in.)
columns to minimize aspiration of air into the overflow line. The overflow
lines for the 2A and 2B Columns are also connected to the vent system. (The
other columns are vented directly from the top disengaging section, through a
separate nozzle.) Two overflow lines are provided for the 10 and 20 Columns
with the flow divided equally by rectangular weirs. The flow may thus be
directed to two centrifuges in parallel, though normally only one centrifuge
need be used for the 20 organic effluent.

1208
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10. Nuclear Safety

The 7-in.-diameter 2A and 2B Columns are designed with a geometry
such that a slow-neutron chain reaction cannot be sustained in them.
regardless of the composition of the solutions which they may contain.

The 8-in.-diameter IB Scrub Column is safe against a slow-neutron
chain reaction by virtue of its geometry for any plutonium concentration
up to at least 85 grams/liter, i.e., approximately 150-fold the normal
flowsheet concentration of plutonium in the IB Scrub Column. Considera-
tions of any possible off-standard operating conditions which would result
in such a drastic accumulation of plutonium in the IB Scrub Column leads
to the conclusion that such an occurrence is extremely unlikely and would
be detected long before the potentially unsafe concentrations of over 85
g.1. are approached.

In all other columns a nuclear chain reaction is prevented by the
extreme dilution of the plutonium and also by the co-presence of suffi-
ciently high concentrations of uranium (U-238).

For a further discussion of nuclear safety considerations, refer-
ence is made to Chapter XXIII.

B. TYPICAL COLUMN DRAWINGS

Typical columns are shown in Figures XII-3 through XII-9. The A-
type columns (HA, IA, 2D) are identical in construction, as are the C-
type columns (HC, IC, 2E). The 20 Column differs from the 10 Column
only in having contact-maintenance flanges rather than remote-mainten-
ance connector nozzles and flanges (and in having somewhat longer
nozzles to facilitate manual access to the flange bolts).

These drawings show the basic geometry of the columns and the exact
positions of the column nozzles. Details such as column bracing, supports,
nozzle kick-plates, etc. are either omitted or simplified to permit clari-
fication of the salient dimensions which are of process importance. The
sketch of a typical column support is shown in Figure XII-10.

The columns were constructed according to the specifications for
Class I vessels (see Chapter XIII). The material of construction is
Type 304 L stainless steel, with welds made with Type 347 stainless-steel
welding rod. The wall thickness of the column shells is 1/4 in.; that of
the disengaging sections ranges from 1/4 and.3/8 in. for the cylindrical
and slab-type disengaging sections to 1/2 in. for the box-type disengaging
sections. All pipes are Schedule 40S except the 8-in. and 12-in. pipes
which are Schedule 103. Standard Hanford 2-in., 3-in., 4 -in., and 2-in.
3-way connector nozzles are used for all pipe connections with the excep-
tion of the 2-in., 3-in., and 4-in. pipes of the 20 Column, which use
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standard welding-neck flanges, and the 12-in. pulse legs which use a special
remote-maintenance flange. (Remote-maintenance features are discussed in
Chapter XV.)

C. PULSE GENERATORS

The pulse generators for the solvent-extraction columns are reciprocat-
ing piston mechanisms. Mechanical drive components reciprocate the piston
at a fixed amplitude and frequencies which can be varied to suit process
requirements. The pulse is transmitted to the column through a "pulse leg"
- a pipeline, filled with essentially stagnant liquid, which connects the
pulse generator to the bottom of the column. Figure XII-l1 shows the rela-
tive location of a column and its pulse generator.

1. Principles and Basis of Design

Process requirements for the pulse generators are summarized in Table
XII-1. The pulse volume for the IB Scrub, 2A, and 2B Columns is 44 cu.in.;
the pulse frequency is adjustable to any value within the range of 25 to
100 cycles/min. Pulse volume and frequency range for the remaining nine
columns are 485 cu.in. and 35 to 110 cycles/min. The maximum theoretical
hydraulic horsepower of the pulse generators varies from 7.2 hp.. for the
larger columns to 0.26 hp. for the IB Scrub Column.

In addition to the process requirements stated above, three major
mechanical considerations guide pulse generator design:

(a) Reliability in remote operation: The reciprocating piston and
its driving components which comprise the pulse generator must
be time-proven machine elements offering maximum service life
with minimum development effort.

(b) Variable pulse amplitude-frequency product: Process requirements
for a variable pulse amplitude-frequency product are met by operat-
ing the pulse generator piston at a fixed stroke over the frequency
ranges shown in Table XII-l. This results in a simpler and

cheaper design than would result from variable stroke.

(c) Piston leakage: Piston leakage rates must be low and must be con-
tained in the system for satisfactory operation of the pulse
generator. Excessive leakage would pose a disposal problem.
Also, if leakage were a large fraction of stream flows or pulse
volume and then were to vary with time the result could affect
process performance.

2. Description(8 )

The pulse generator designed from the above considerations is a piston

reciprocated by a variable-speed electric motor acting through reduction
gears and a conventional crank arrangement as shown in Figure XII-12.
Nine large pulse generators (designated Size 2) have cylinder bores and

.p.ist strokes of 21.2 in. and 1-3/8 in. Three small pulse generators
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(designated Size 1) are used on the IB Scrub, 2A, and 2B Columns. They are
scaled-down models which have cylinder bores of 7.5 in. and piston strokes
of 1 in.

For convenience, the pulse generator is considered as consisting of
three major sub-assembliest the piston and cylinder, the motion box, and
the power supply system.

2.1 Piston and cylinder assembly

The piston, which pulses the liquid, is a cup-shaped, stainless-steel
casting, machined to diameter to provide clearance in the cylinder. Two
Graphitar No. 41 rider rings guide the piston during reciprocation. Each
rider ring consists of 16 segments (eight segments for Size 1), each
1-5/8 in. thick, which are butted together, rigidly clamped to the piston,
and machined for close clearance with the cylinder bore.

Four expanding-type Graphitar No.41 piston rings seal against fluid
leakage past the piston. For each 7/8-in.-wide ring, six equal segments
(three segments for Size 1) are fitted together by step-type lap joints
to form a circle. Expanders behind each piston ring force the ring seg-
ments against the cylinder wall with pressures varying from 1/2 to 2 lb./
sq.in. Each expander is made up of 12 stainless-steel ring segments, butt-
jointed for circular assembly. The ends of each segment are drilled for
helical compression springs, which force the segments outward. The piston
ring expander for the small pulse generator is a helical compression spring
lying behind the piston ring.

The lower face of the piston is flat and drilled through (3/32-in.-
diameter hole) to prevent formation of air pockets and to vent the pulse
leg. Liquid which jets through the vent hole is blocked by the splash
guard. The stainless-steel piston rod extends upwards through the piston
for connection to the upper horizontal piston-rod yoke.

The cylinder is a stainless-steel welded assembly bored and honed to
diameter. The lower and upper flange faces mate with the cast stainless-
steel cylinder support and the cylinder cover, respectively. The cylinder
support is integral with the pulse-leg transition pipe. A flanged nozzle
welded to the cylinder barrel overflows piston leakage to appropriate
process vessels. Centered in the cylinder cover, the Graphitar No. 41
vapor-seal bushing restricts vapor and liquid leakage from the cylinder.
Integral with the cylinder cover, and diametrically opposite, are two
drilled housings for the yoke spacer-bar guide bushings. Upper and lower
bronze bushings are pressed into each housing. Two shaft seals in each
housing retain grease and exclude foreign matter.

2.2 Motion box

The motion box reduces drive-motor speed, translates rotary to recip-
rocating motion, and transmits the reciprocation to the piston. Its
principal components are the drive motor, the speed-reduction and motion-
translation system, and the lubrication system.

_ l.
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The variable-speed, flange-mounted drive motor is a General Electric
Co. gear-motor, Frame No. K326C641, rated at 15 hp., 190-r.p.m. output speed
with 440-volt, 3-phase, 60-cycle power supply (2 hp., 280-r.p.m. output for
Size 1).

The speed-reduction and motion-translation system, enclosed in 'the cast
Mehanite drive housing, reduces the rotary output speed of the gear-motor
shaft and converts this rotation to reciprocation. Speed reduction gears
consist of a 34-tooth (21 teeth for Size 1) single-helical pinion, attached
to the tapered gear-motor shaft, and a mating 57-tooth gear attached to the
crankshaft. Double-spherical roller bearings (double-row ball bearings for
Size 1), retained on the shaft by lock nuts and tapered sleeves, support
the crankshaft load. The drive-end (inboard) bearing is fixed in its hous-
ing to maintain gear alignment; the outboard bearing is free to slide
axially in its housing for compensation of shaft thermal expansion.

The crank for motion translation is a turned eccentric shoulder inte-
gral with the crankshaft. The shoulder eccentricity with the shaft is 1/2
in, for the small, 11/16 in. for the large units. The crank bearing,
mounted on the eccentric shoulder, is a double-row spherical roller bearing
(ball bearing for Size 1). The connecting rod, which links the rotating
crankshaft to the reciprocating crosshead yoke, is counterbored at its
upper end to house the crank bearing and bronze-bushed at its lower end
for connection to the crosshead yoke. The connection is made by the eccen-
tric pin through the connecting-rod bushing. The pin ends are retained by
the two horizontal yoke bars, which are bolted to the crosshead yoke. Move-
ment of the yoke is restricted to linear vertical motion by the lower guide
pin and the upper yoke rod. Thus, the rotation of the crankshaft generates
the reciprocation of the yoke through the connecting-rod link.

The upper and lower horizontal yokes are connected by the parallel
yoke-spacer bars outside the drive housing, to transmit reciprocation to
the piston. The linear bearings for the crosshead-yoke guide pin and
upper rod are bronze bushings.

Lubrication: Moving parts enclosed in the motion-box drive housing
are principally oil-bath lubricated. The upper oil level in the drive
housing, maintained by remote filling, is fixed by the overflow connection
to an external waste-oil tank. A separate oil bath in the gear-motor
housing overflows to the drive housing.

Oil is force-fed to the upper yoke-rod guide bushing by the crankshaft-
driven pump. The pump discharge connects to an annulus above the bushing,
from which the oil gravity-feeds along the rod for bushing lubrication.
Excess oil is returned to the reservoir by ports drilled in the upper cross-
head-yoke rod.

2.3 Power supply

The power supply system (not shown) delivers variable-frequency A.C.
power to the variable-speed drive motors. Principle components, located
in the "cold" zone, are A.C. motor-generator sets, one for each pulse gen-
erator, and two D.C. motor-generator sets for A.C. generator field excita-
tion.
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The A.C. motor-generator sets consist of the following mounted on a
common bedplate: a Fairbanks-Morse constant-speed induction motor (25-hp.,
1200-r.p.m., 3-phase, 60-cycle, 440-volt rating for Size 2; 5 hp. for Size
1) driving a Fairbanks-Morse A.C. generator (18.7 kva., 0.8 p.f., 3-phase,
60-cycle, 480-volt output at 1800 r.p.m. for Size 2, 3.75 kva. for Size 1)through a Link-Belt variable-speed mechanical drive. The Link-Belt drives
have manually controllable no-load speed outputs of 1850 to 560 r.p.m.
for Size 2 and 1850 to 412 r.p.m. for Size 1.

Three-phase power leads electrically interconnect the pulse-generator
drive motor and the corresponding A.C. generator output. Drive-motor speed
is proportional to supplied-power frequency; thus, variable pulse-frequency
control is obtained from manual control of the Link-Belt unit output speed.

The A.C. generators require field excitation by an external source of
D.C. power. Two bedplate-mounted units for this service each consist of a
D.C. generator, rated for 5 kv. at 1200 r.p.m. and 120 volts, direct-
coupled to a 7.5-hp., 3-phase, 60-cycle, 440-volt induction motor.

3. Operation and Performance

Pulse-generator operation, by factory acceptance test(2), satisfied
process requirements for variable pulse frequency and for pulse volume.
Piston leakage rates (11 ft. of static head at the piston, test solution
of water plus soluble oil) were in the 0.6 to 0.3-gal./min.* range, to
compare with the 0.5-gal./min. rates predicted by calculation. Input horse-
power to the large pulse generator under test was 2.5 at 110 cycles/min.

The piston rings are dependent upon liquid in the pulse leg for lubri-
cation. Time should be allowed for pulse-leg filling before startup of
the pulse generator.

D. PUIS]E TRANSMISSION LINES

1. Design Basis

The pulse is transmitted from the pulse-generator piston to the bottom
of the column through the liquid in the pulse transmission line or "pulse
leg". This pulse leg must be of sufficient height to balance most of the
hydrostatic head of liquid in the column to minimize the volume of process
solution leaking past and through the pulse piston, and to permit this leak-
age to flow by gravity to the proper receiver.

The diameter of the pulse leg must be sized to prevent cavitation.

2. Cavitation Calculations

Cavitation in a liquid system is the formation and collapse of vapor
pockets as localized pressures become in turn less or greater than the
vapor pressure of the liquid. Cavitation is accompanied by shock pressures,
as the bubbles collapse, which may be damaging to mechanical elements in

-----------------------------------------------------------------

*) At the time of writing plugging of the 2B Column pulse-generator piston
weep hole, to reduce the pulse leakage for that column, was under con-
sideration.
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the system. In addition, it is probable that cavitation would produce
erratic liquid displacement-vs.-time characteristics which would have a
deleterious effect on the extraction efficiency and/or capacity of a column.

To avoid these effects, the minimum pressure in a pulse system must at
all times exceed the vapor pressure of the pulsed liquid. This requirement
determines the minimum pulse-leg diameter and maximum pulse-leg height
since the minimum pressure decreases with decreased diameter or increased
height.

2.1 Pressure effects

The total pressure in a pulse-column system is largely the sum of three
pressure ects: static pressure, velocity pressure, and acceleration
pressure. 4 Acceleration pressure is proportional to the product of fluid-
particle acceleration and fluid mass. Velocity pressure occurs as a press-
ure drop across the column due to frictional (packed column) or orifice
effects (perforated-plate columns) associated with fluid-particle velocity.

Since the liquid displacement-vs.-time curve for the Puirex pulse columns
is approximately sinusoidal, velocity and acceleration are 90 degrees out
of phase. Therefore, acceleration pressure and pressure drop through the
packing are also 90 degrees out of phase, one being zero when the other is
at a maximum or minimum.

2.2 Acceleration pressure

he acceleration pressure Pa, lb./sq.in., in a sinusoidally pulsed sys-
temOQ is given by

Pa - 16 f2  sin a,

where D = pipe diameter, in.,

k = pulse volume, cu.in.;

I = pipe length, ft.;

/0= liquid specific gravity;

f = pulse frequency, cycles/min.;

a = pulse-cycle phase angle.

To determine the acceleration pressure at any point in a pulsed system,
the values of Pa for all sections of the system between the point and the
top of the column are added. The greatest acceleration pressure occurs at
the face of the pulse-generator piston.
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2.3 Pressure drop through the column

Pressure drop through the column is a function of flow rate. The
net (unpulsed) flow through the column is small compared with maximum
flow associated with the pulse velocity and may therefore be neglected.

The pressure drop in perforated-plate columns is given by

1. .285 fk2f2/l(-V2) 2
Po=107 C2A h2- jo

where Pc = pressure drop through the column, lb./sq.in.;

N = number of plates;

k = 1/2-cycle pulse volume, cu.in.;

f = pulse frequency, cyc./min.;

/0 = liquid specific gravity;

V = fraction of plate free area;

C = orifice coefficient;

Ah - plate free area, sq.in.;

6 = pulse-cycle phase angle.

The pressure drop through Raschig-ring packing is usually negligible.
An empirical relationship for its calculation is given in Perry's Hand-
book.

3. Pulse-Leg Dimensions

The large-diameter (24 to 34 in.) pulse columns have 12-inch-diameter
pulse legs 15.5 or 17.5 feet high. The small-diameter (7 and 8-in.)
columns have 4-inch diameter pulse legs from 10 to 18 feet high.

Pulse-leg dimensions for all Purex columns are listed in Table XII-I.

OWW"-"
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TABLE II-1

SPEIFICATIOPS FOR PUREl.PLAT PULSE COJlMNS

Basis: Purex HW #3 Flowsheet a"d an Instantaneous Processing Rate of 10 Short Tons U/Day

louver- Pulse
-Plate Plate Frequency

Dle
F1

2a(
2b(

sign, Anplity' 4
p. No. Inche

Extr.) l.1(Extr.)
Scrub) 0.6(Scrub)

0.53

Extr.) 1.1 (Extr.)
Scrub) 0.6 (Scrub)

2c 0.84

2d 0.84

0 53

-. 1.1

2a(Extr.)
2b(Scrub)

1.1

1.1(Extr.)
0.6(Scrub)

- 0.53

- 0.53

-- 0.53

485

425

485

485

44

485

44

44

485

485

485

485

35 to 310

Pulse leg
Diameter,

Inches

12

35 to 1O 12

35 to O 12

35

25

35

25

to

to

to

to

no

100

no

100

12

4

12

4

25 to 100 4

35 to 110 12

35

35

35

to

to

to

no

no
11O

12

22

12

Pulse Piston
Height

17.5

15.5

17.5

15.5

10

15.5

16

is

17.5

15.5

15.5

15.5

Theoretical
Horsepower

equired

7.2

2.8

7.2

6.7

0.26

2.8

0.54

0.49

7.2

2.8

3.6

3.6

Pressure
on Piston,

Lb./SoIn,(OGa,

18

U

18

18

9

U1

18

Pulsed
Phase

Organic

Confinuous
Phase

Aqueous

Aqueous Organic

Organic Aqueous

organic

Aqueous

Aqueous

Aqueous

Aqueous

Aqueous

Organic

Organic

15 Aqueous Aqueous

18 Organic Aqueous

n
12

32

Aqueous

Aqueous

Aqueous

Organic

Organic

Organic

Volume Velocity,
Gal./(Hr.)(Sq.Ft.))
Sum of Both Phases

S 530(Eftr.
240crub

510

240Scrub

380

820

550

920(Etr.j
250 Scrub

250

530(Extr.)
240(Scrub)

510

530

360

B.TU., Ft. g)

0.7 to 1.2(Extr.)

0.8 to 1.4

0.7 to 1.2(kxtr.)

1.8 to 2.7

0.8 to 1.3

0.8 to 1.4

1.3 to 2.2(hxtr.)

1.2 to 2.0

0.7 to 1.2(Extr.)

0.8 to 1.4

Emaber of Transfer
Units Required for
0.1% U or ?a hss

7.0 for U(Rztr.)
7.2 for Pahtr.)

7.7 for U7.2 for Pa

7.0 for U (htr.)
7.2 for Pu(Extr.)

10.0(k)

10.0(1)

8.1

a.l(Extr.)

7.1

7.0

7.7

een the bottom surface of the bottom disengaging section and the top surface of the top disengaging section.

41ea Khe+tom rnhln sort pad (elevation 674 ft. 4-1/4 in.) and the top surface of the top disengaging sbntL.

height is the distance from the bottom plate to the top plate and does not include top and bottom supports of cartridges. The packed height

in is the distnce between saoteeth of The packing support and hold-down grates.

one extreme position to the other.

the bottom of the lower disengaging section to the lower face of the piston with the piston at The bottom of the stroke.

uet-stream volumes.

ge of H.T.U. values for plant-size colurns at optimum pulse frequency at processing rates corresponding to about 3 to 20 tons U/day. The

the required number of transfer units are stated on an over- aqeus-fin basis for transfer from the aqueous phase and on an over-all

bais for transfer from the organic phase.

al plates (1/16 to 3/32-. thick) with l8-in. perforations on 3/4-in. equilateral-triangle centers giving 23% free area, spaced 2 in. apart.

are inserted in the cartridges of the HA, :A$ !?X, lBS, and 2D Column as indicated in the figursS.

lates (1/8-in. thick) with 3/16-in. perfcrationS on 3/8-in, equilateral-triangle centers giving 23% free area, spaced 4 in. apart.

asohig rings, 1-in.-diameter by 1-in.-long with coztinous /16-in. thick wall.

stonim organic/aqueous distribution ratio of 0.02

isfer units required to reduce uranium concentration in IEP to 0.1% in Pu at 520 g.Pu/ton U in HAP (5.8 x 10-5% U loss, based on U in HAF).
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SPEOIFICATIONS FOR PUREPLWT POISE CUMfNS

Basis: Purex HW #3 Flowsheet and an Instantaneous Processing Rate of 10 Short Tons U/Day

over-.all

Colua r ss

HA 33

HC

IA

In

IC

2B.

2D

33.65

27.65

33.65

33.65

20.65

27.65

41.65

33.65

33.65

2E 27 27.65

10 33.4 34.65

20 33.4 34.65

Plate or acked Section

13.5CEztr.) 24(Extr.)
13.2Ccnlb) 32(Scrnb)

18.0 34

13.SCExtr.) 24CExtr.)
13.2(SOruh) 32(Scrdfb)

28.0 27

13.3 8

18.0 34

20.9(Extr.) 7
9.8(Scrub)

21.0 7

13 .SExtr.) 24(Extr.)
13.2(502mb) 32CScrub)

18.0 34

26.3 34

26.3 34

Sieve-Plate
or Packing

(i)

(h)

Cli)

(i)
(h)

(h)

0i)

(i)

(i)

louvr- Pulse
Plate Frequency

Fi, No. Inches

2a(Htr.) 1.1(Extr.)ab(sorub) O.d(CorUb)

-- 0.53

2aExtr.) 1.1(Etr.)
abCScrab) .6(Scrb)

2o 0.84

2d 0.84.

- 0.53
- 1.1

- 1.1

2a(Bbtr.) 1.lCExtr.)
2bCScrub) 0.6CScrub)

- 0.53

- 0.53

- 0.53

485

485

485

485

44

485
44

44

485

485

485

485

Pulse leg
Diameter,

Inches

12

12

12

12

4

12

4

4

12

12

12

12

Pulse Piston
Height
Ft, W

17.5

15.5

17.5

15.5

10

15.5

16

18

17.5

15.5
15.5
15.5

Haximum
Theoretical
Horsepower
Required

7.2

2.8
7.2

6.7

0.26

2.8

0.54

0.49
7.2

2.8

3.6

3.6

Maximm
Pressure

on Piston, Pulsed CoD
Lb./Sq In,(9 .)Phase P

18 Organic AM~

11 Aqueous Orl

18 Organic Aq1

is organic Aq%

9 Aqueous Aqi

I1 Aqueous Or!

18 Aqueous Orl

15 Aqueous Aqt

1 Organic Aqi

Ca. mn.

35 to 110

35 to no

35 to n0

35 to no

25 to 100

35 to n0

25 to 100

25 to 100

35 to no

35 to no

35 to 110

35 to 110

Orl

Or,

Or[

Di tance between the hottom surface of the bottom disengaging section and the top surface of the top disengaging section.

() Distance between the bottom colun support pad (elevation 674 ft. 4-1/4 in.) and the top surface of the top disengaging section.

(c) The cartridge height is the distance from the bottom plate to the top plate and does not include top and bottom supports of cartridg

-of the 2A Co1'.na is the distance between sawteeth of the Packing support and hold-downf grates.

(d) Measured from one extreme position to the other.

(e) Distance from the bottom of the lower disengaging section to the lower face of The piston with the piston at The bottom of the strok

(f) Based on influent-stream volumes.

(g) Estimated range of H.T.l. values for plant-in coluns at optimu pulse frequency at processing rates corresponding to about 3 to 2

H.T.L.'s and the required number of transfer units ae stated on en over-ill aqueousfib basis for transfer free the aqueous phase

organic-film basis for transfer from the organic phase.

(h) Stainless steel plates (1/16 to 3/32-in. thick) with 8 perorctions on 31/4in. equilateral"triangle centers giving 23% free ar

Louver plates are inserted in the cartridges of the FA, YA, Ifl,2 !HS, and 2D Columns as indicated in the figures.

(i) Fluorothene plates (1/8-in. thick) with 3/16-"in perforation on 3/8-in. equilateral.triangle centers giving 23, free area, spaced 4

(j) Fluorotbene Raschig rings, 1-in.-diameter by 1-in.-ong with co:,it.2us 2/16-in. thick wall.

(k) Based on a plutonium organic/aqueous distribution ratio of 0.02,

(1) Namber of transfer units required to reduce uranim concentration in IZP to 0.1 in Pu at 520 g.Pu/ton U in HAF (5.8 x 10- * U loss,

110TE

Aqueous

Aqueous

Aqueous
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CHAPTER XIII. OTHER PROCESS EQUIPMENT

In addition to the solvent-extraction columns described in the preced-
ing chapter, the Purex Plant involves the operation of a variety of other
major process equipment: tanks, dissolvers, concentrators, centrifuges,
etc. Design specifications for this equipment are primarily based on proc-
ess requirements discussed in Part II of this Manual. In this chapter
major process equipment pieces are described, with emphasis on physical
features important from a processing viewpoint. Pumps, jets, and agita-
tors are described in the next chapter.

A. GENERAL

1. Process Equipment Classification (3)

For convenience in specifying designs and constructiqn practices,
non-mechanical equipment pieces which contain a liquid or gaseous stream
during Purex-Plant processing are. generally designated as "vessels".
Other major equipment pieces for which vessel specifications are not di-
rectly applicable, such as ready-made purchased items (e.g., the strain-
ers), the centrifuges, and the slug carrier, are excluded. Vessels are
divided into three classes, depending on their intended use.

Class I vessels are those that are designed to contain radioactive
materials. They are made of stainless steel and are normally located in
the Canyon or in the PR Room.

Class II vessels are those made of stainless steel that are not in-
tended to contain radioactive materials.

Class III vessels are those which are fabricated from materials other
than stainless steel and are not designed to contain radioactive materials.

2. Definition of Terms

Throughout this chapter special terms and conventions are used for
convenience in describing the physical features of equipment pieces.
These are defined below.

Pipe and nozzle size. Unless specifically stated to the contrary all
piping used in process equipment fabrication is of standard iron pipe
size, Schedule 40. Likewise, pipe flanges not designed for remote
maintenance are 150-lb. standard, with raised faces. A "remote flange" is
similar to a standard flange except that it is equipped with aligning
dowels and captive studs for remote assembly. A "connector nozzle" is one
which is equipped with a Hanford remote male connector (described .in Chap-
ter XV).

Stainless steel. Unless otherwise designated, the term "stainless
steel" indicates Type 304L or Type 347 stainless steel. Type 30L is pre-
ferred and is generally specified, but Type 347 may in certain instances
have been substituted.

VT. a
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Carbon steel. The term "carbon steel" is used generically to include all
types UO steel except stainless steel and other special alloys. "Carbon
steel" includes such classifications as "mild steel", "black iron", "structur-
al steel", and "boiler plate".

Insulated. Unless otherwise noted, the adjective "insulated" indicates
that the vessel is covered with a 2-in.-thick layer of Fiberglas, which is
in turn covered with a shield of 0.0375-in.-thick stainless-steel sheet.

3. General Design Considerations

Major considerations in the design of Purex-Plant process equipment in-
cluded (a) economical and satisfactory fulfillment of the chemical process
requirements and (b) satisfactory fulfillment of those special requirements
associated with the construction and operation of radioactive processing
plants. Mechanical designs satisfying these requirements were guided by
specifications and general criteria which are summarized below:

(a) Applicable codes and specifications related to design, fabrication,
and quality of materials were followed. For example, for process
vessels fabrication in accordance with the A.S.M.E. Boiler Con-
struction Code, Section VIII, was specified; equipment piping was
specified to be in accordance with the applicable American Standards
Association code; and materials were governed by American Society
for Testing Materials Specifications, modified to suit special re-
quirements.

(b) Maximum interchangeability of process equipment was provided by de-
signing only the necessary standard sizes compatible with process
requirements.

(c) Final acceptance of process vessels was generally based on tests,
such as hydrostatic pressure tests, performed at the construction
site. The type and conditions of testing were determined by the
particular equipment piece.

For particular equipment pieces or vessels of a particular classificat$on,
detailed criteria and specifications for design and construction were followed.
For vessels, which include most of the process equipment pieces, principal
features are summarized below.

3.1 Class I vessels (3,13,18)

All Class I vessels were designed and fabricated in accordance with the
same specifications except for certain "critical" vessels for which special
welding was required, as described in Chapter XVI. Class I vessels are essen-
tially of stainless-steel, all-welded construction, with carbon steel (pro-
tected with Amercoat 74) used only for necessary external attachments not in
contact with the process fluid. Double butt welds were used for pressure-
holding seams wherever possible, and weld quality was controlled by radio-
graphing or by other specialized techniques depending on weld location.
Formed heads were specified to be solution-heat-treated prior to welding;
stress relieving following welding was prohibited. Completed stainless-steel
assemblies were pickled in tH0 3 or HN03-BF solutions.

&tM4
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In general, basic design pressures for Class I vessels were taken to
be an internal pressure of 5 lb./sq. in. ga. or 110% of the operating
pressure, whichever is greater, and an external pressure of 5 lb/sq. in.
ga. However, this general specification was amended to cover various
specific equipment types or parts such as condensers, tank coils, etc.

Class I vessel designs are characterized by special features made
necessary by the service for which they are intended, viz., processing of
radioactive materials by remote-control methods. Thus, in nearly all
cases they are designed for remote maintenance. Also, they are "flush-
able" and "drainable" to the extent that they may be filled with liquid
so that essentially the entire interior surface is wet and they may be
emptied without leaving appreciable liquid holdup. External and internal
surfaces are free of retention pockets, cracks and crevices.

Remote maintenance of equipment necessitates the use of special con-
struction features to allow its installation or removal by use of a re-
motely operated crane. Thus, the equipment piece must (a) be provided
with remote connectors for nozzles up to h-in. size and with remote
flanges for larger sizes; (b) be provided with lifting bails so placed
that when suspended it will be balanced and will hang essentially in its
installed position; (c) be designed for alignment at installation using
dowels and aligning holes or trunnions and trunnion guides; and (d) fab-
ricated to unusually close tolerances in order that replacement equipment
or parts may be readily installed.

3.2 Class II vessels (3,1,15)

Class II vessels are of all-welded stainless-steel construction with
carbon steel used only for supports and attachments not in contact with a
process fluid. Since processing or storage of radioactive materials is
not required of these vessels, standard methods were used for their de-
sign, fabrication, and installation. For purposes of preparing detailed
design and fabrication specifications, Class II vessels are divided into
two groups, including (a) processing vessels (tanks) in the 202-A Building
and 276-A Building, normally considered to be pressure vessels, and (b)
atmospheric storage tanks located in the 211-A Chemical Tank Farm and the
203-A Uranium Storage Tank Farm.

For the design and fabrication of Class II vessels as pressure ves-
sels, the general requirements of the A.S.M.E. Boiler Construction Code
were followed. Basic design pressures were taken to be an internal pres-
sure of 15 lb./sq. in. ga. or 110% of the operating pressure, whichever
is greater, and an external pressure of 5 lb./sq. in. ga. With few ex-
ceptions, standard flanged and dished heads and standard flanged con-
nections were used. Fabrication of vessels of this class also included
solution-heat-treating of formed heads, pickling of stainless-steel
assemblies (or, for large vessels, internal pickling and external sand-
blasting) and hydrostatic and/or pneumatic testing according to code
requirements.

S_
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For the design and construction of Class II storage tanks, the general
requirements of the American Petroleum Institute Standard 120 were followed.
Designs were for the maximum internal pressure imposed by a liquid of 1.8
specific gravity with loads due to wind pressure and earthquake forces also
considered. Fabrication features of Class II storage tanks included the use
of double-welded butt joints for shell-plate welds, internal cleaning by sand-
blasting, testing according to code, and hydrostatic testing of tank coils at
150 lb./sq. in. ga. For HNO 3 storage tanks, external carbon steel attachments
(e.g., reinforcing) were painted with Amercoat 55.

3.3 Class III vessels (3,15)

Class III vessels, like those of Class II, are divided into two groups,
viz., pressure vessels and atmospheric storage tanks, depending on design and
fabrication methods. Except for the fact that they are fabricated from carbon
steel or aluminum, specifications for these two groups are similar to those
for Class II vessels of the same types. However, Class III storage vessels
for water (TK-30) and solvent(TK-hO and TK-41) are desigied fr a maximum inter-
nal pressure imposed by a liquid of 1.0 specific gravity, rather than 1.8.
Also, carbon-steel caustic storage tanks are painted internally with a chlo-
rinated-rubber-base paint.

B. "HOT" TANKS

The radioactive-service tanks described in this section include all those
located in the processing cells of the Canyon except for the Dissolver (des-
cribed under El) and the Plutonium Receiver (described under 14). All are
Class I vessels designed and fabricated according to the criteria discussed in
Subsection 3, above.

1. Standard Tanks

The following three types of vessels are designated as "standard tanks"
for Canyon use as reaction vessels, receivers, and storage and head tanks:
(a) the 5000-gallon, general purpose tank (Fig. XIII-1), (b) the 1725-gallon,
general purpose tank (Fig. XIII-2) and (c) the 15,000-gallon oval tank for
solvent storage (Fig. XIII-3). These tanks are fabricated of cylindrical
(or oval) shells welded to flanged, flat heads and contain coils for heating
and cooling arranged in banks of concentric helices. Dimensions and salient
information are listed in the following table:
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STANDARD "HOT" TANKS

Nominal volume, gal. 5000 1725 15,000

Number of tanks in Canyon 25 2 2

Outside diameter of tank, ft. 10 7 10.5 by 16
oval

Height of tank, ft. 9.25 6.75 l

Plate thickness, in.:
Shell 1/2 3/8 3/8
Heads 1 3/8 9/16

Length of 2-in. pipe
in coil, ft. 475 i5o 950

Heat transfer area, sq. ft. 295 93 590

Number of nozzles for
pumps or agitators 2 1 5
Number of pipe nozzles 20 15 18

2. Special Tanks

2.1 2AF Tank (10,11)

The 2AF Tank, TK-J5, shown in Figure XIII-h, is a 212-gal., horizon-
tal cylindrical tank designed for blending IBP (from the IB Scrub Column)
to 2AF specifications and for feeding the 2AF to the 2A Column. This is
accomplished on a continuous basis, and with sufficient holdup capacity
to insure that 99.9% of the IBP stream is statistically retained in the
tank for at least three minutes (at production rates not greater than ap-
proximately 20 tons U/day). To attain this holdup time, the tank is di-
vided into three roughly equal-volume compartments by means of segmental
baffles. The upstream compartment, which receives the IBP, and the
middle compartment are equipped with agitators; the pump for feeding 2AF
is located in the downstream compartment.

As shown by Fig. XIII-4, the 2AF Tank measures 2 ft. 7 in. O.D. by
7 ft. 5 in. long. Both the shell and the flanged and dished heads are
3/8 in. thick. A jacket 5 ft. 10 in. long covers about 2700 of the
tank's circumference.

2.2 IOF Tank (0 Tank Contactor) (10l11)(See Fig. XIII-5.)

The 5000-gal. IOF Tank, TK-G1, is the feed tank for the IO Column,
but is also designed to function as a cocurrent continuous contactor for
treating the organic stream (ICW and HCW) should the need arise. Shell,
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heads (except for nozzles), and coil are similar to the standard 5000-gal.
tanks (see Subsection Bl). The tank is 10 ft. O.D. by 9 ft. 3 in. high. A
central cylindrical chimney h ft. 7-3/h in. I.D. leaves an annular space 2
ft. 8 in. wide. A packing support grate located in the annulus 2 ft. 9 in.
above the tank bottom supports a 4-ft. depth of i-in. stainless-steel Raschig
rings. Organic-ohase and aqueous-phase distributors are located above the
packing to provide cocurrent flow downward through the packing and into the
disengaging space below the packing support. The lower portion of the cylin-
drical chimney is perforated to allow liquid passage to the central space
where organic and aqueous pumps are located. The top head contains two 24-
in. nozzles.

2.3 Decanters (See Fig. XIII-6.)

Utility decanter, F-lh, and ITO decanter, G-6, are for the continuous
separation of entrained aqueous phase from organic streams. The decanters
are similar except for minor differences in external piping and brackets.
The vessels are h ft. O.D. by 5 ft. 10 in. high. The aqueous and organic
outlets are 4-in. flanged nozzles to which are attached adapters that have
remote connectors. Liquid feed to the decanter is introduced to the middle
of the tank through a system of distributing baffles. Settled aqueous phase
rises through a jack leg to the aqueous discharge nozzle 4 ft. 3 in. above
the bottom of the tank. The organic overflows through a weir located 5 in.
above the aqueous outlet.

2.4 Other special tanks

Dissolver vessels are described in Section E. Plutonium tanks are des-
cribed in Section I.

C. "COLD" TANKS

1. Aqueous Make-Up Tanks

Aqueous make-up tanks are used for make up, adjustment and blending,
storage, and delivery of "cold" aqueous solutions. With two exceptions they
are of three standard sizes: (a) four are 2 ft. O.D. by 4 ft. high (95 gal-
lons), (b) sixteen are 5 ft. O.D. by 5 ft. high (750 gallons), and (c) eight
are 8 ft. O.D. by 8 ft. high (3000 gallons). All aqueous make-up tanks have
dished heads, and all but four are stainless steel. Three tanks are carbon
steel; one tank is aluminum. The largest opening of the 2-ft.-0.D. tanks is
a 4-in, nozzle, but larger tanks have a 16-in. nozzle, to be used for solids
addition where necessary. Certain tanks are equipped with coils, agitators,
and/or discharge-line strainers as required.

The 60% Nitric Acid Meter Tank is 2 ft. O.D. by 2 ft. 6 in. high. The
Demineralized Water Head Tank is a horizontal aluminum vessel 8 ft. O.D. by
12 ft. long.

Descriptions of all the aqueous make-up tanks are listed in Table XIII-1.
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2. Pipe and Operating Gallery Tanks

The Dissolver Drowning Tanks, the Centrifuge Spray Tanks and various
addition tanks are located in the Pipe and Operating Gallery. These tanks
listed as to use, size, and material of construction are as follows:

202-A BLDG. PIPE AND OPERATING GALLERY TANKS

Tank No.

TK-A3-A
B3-A
03-A

TK-E2-A
G3-A
R3-A

Use

Dissolver drowning

Centrifuge spray

TK-G5-A Org. storage add.

TK-L9-A Pu cell add.

TK-Rl-A Org. blend add.

TK-R5-A Org. treatment add.

Volume,
Gallons

Diameter and
Height, Feet

3500 7.5 x 11.5
(Horizontal)

100 2 x h-75

3500 8 x n

25 1.1 x h

3500 8 x l

3500 8 x 11

Material of
Construction

Aluminum

Stainless
steel

S.S.

S.S.

S .s.

S.S.

3. Solvent Treatment Tanks

The 276-A Building (solvent treatment) contains six vessels for
treatment and washing of organic solvent. These tanks are all made of
stainless steel and are equipped for contact maintenance. Three are
similar to corresponding Canyon vessels except that they have standard
flanged nozzles in place of remote connectors. Dimensions and features
of these tanks are tabulated below:

10

0

SM

a

0

HU-VtoQO.t



1309

276-A BLDG. SOLVENT TREATMENT TANKS

Tank
No. Use

TK-R1 20F Tank

TK-R2 20W Tank

TK-R5 Organic
TK-R7 centrifuge

receivers

TK-R6 Decanter

TK-R8 Wash collection

Volume,
Gal.

Sooo

1725

9500

5000

Diameter
and Height, Ft.

10 x 9.25

7 x 6.75

10 x 22

h x 5.8

10 x 9.25

Similar
"Hot" Tank

1OF Tank

1725 Gal.

Vessel Equipment
and Features

See Subsection
B2.2

See Subsection
B1

-- Agitator; 280' of
2" pipe in coil

Decanter See Subsection
B2.3

-- Dished heads;
Agitator; 494' of
2" pipe in coil

4. Recovered Acid Vault

4.1 Recovered acid storage

Nitric acid recovered from the Purex process is stored in two 15,000-gal.
tanks, TK-Ul and TK-U2. These tanks are similar to the standard 15,000-gal.
oval tanks (see Subsection Bl) except that standard pipe flanges are used on
nozzles, instead of remote connectors.

4.2 Laboi'atory cavern waste receivers (4)

TK-U3 and TK-UL receive laboratory low-radioactivity waste for holding
before transfer to the disposal cavern. These tanks are identical to the
9500-gal. tanks, TK-R5 and TK-R7 (see Subsection 03 above).

5. Chemical Storage Tanks (5,15)

All tanks in 211-A Tank Farm and 203-A Uranium Storage Tank Farm are fab-
ricated in accordance to general specifications discussed under A3 above. The
chemical storage tanks are listed in the following table:

Bog"
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CHEMICAL STORAGE TANKS

Tank Farm 211-A and Uranium Storage Tank Farm 203-A

Diameter
and Height,

Feet
Material of
Construction

TK-10 Nitric acid sampler

TK-ll
TK-12

Nitric acid storage

TK-13 Storage of recovered
TK-14 nitric acid from 224-U

Building

TK-20
TK-21

Caustic storage

TK-30 Demineralized water
storage

TK-40 Hydrocarbon storage

TK-4l TBP storage

TK-50 Sulphuric acid storage

3,500 8 x 10

100,000 25 x 30

8,000 10 x 14

20,000 15 x 24

100,000 25 x 30

65,000 22 x 24

25,000 15 x 24

500 5 x 5

Stainless
steel

S.S.

S.S.

Carbon steel*

Aluminum

Carbon steel

Carbon steel

Carbon steel

TK-Pl
TK-P2
TK-P3
TK-P4

Recovered UNH storage 100,000 25 x 30 S.S. 300

*) Coated internally with a chlorinated-rubber-base paint.

D. SLUG CARRIER

Irradiated slugs are transported from the pile areas to the Process-
ing Building (202-A) in a perforated stainless-steel bucket contained
within a lead-shielded cask, both of which are standard equipment pieces
for H.A.P.O. separations plants. For the Purex Plant, three casks are
carried in separate water-filled vats on a specially built railroad car
(compared to the older-type car which carried two casks).

The cask is a massive, double-walled steel box with lead shielding
(12.5:in. thick on the sides) occupying the spaces between the walls.
The top is fitted with a removable lead-shielded cover. The perforated,
stainless-steel slug bucket is an open-top box which may be placed in
the cask. S-shaped tubes through the cask walls and lid allow water from
the vats on the cask car to circulate to the slugs in the bUcket, there-
by preventing excessively high temperatures due to the heat associated

slug decay.

Tank
No. Use

Volume,
Gallons

1" Pipe
in Coil,

Feet

154

0

70

94

0

0
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During loading or unloading operations, the cask, the cask lid, and the
slug bucket are lifted and moved by means of a crane. All are provided with
lifting lugs for this purpose. In addition, the cask lid is locked or un-
locked by means of an impact wrench. The cask assembly with a full load of
8-in. slugs (approximately 210 to 260 slugs, weighing 1700 to 2100 lb.)
weighs approximately 23 tons.

E. DISSOLVERS AND OFF-GAS EQUIPMENT (10, 11)

Uranium slugs are dissolved in the three identical Dissolvers contained
in Cells A, B, and 0. Each Dissolver is provided with a Dissolver Tower, a
Knock-Out Pot, an Ammonia Scrubber*, an Off-Gas Heater, a Silver Reactor, and
an Off-Gas Filter for processing the radioactive off-gases evolved during
Dissolver operation. The entire assembly is shown in Fig. XIII-7. All equip-
ment pieces shown are Class- I vessels, and are described below.

1. Dissolvers

The Dissolver is an insulated tank 8 ft. O.D. by 12 ft. 4 in. high with
a 5/l6-in.-thick shell wall. The bottom head is 1 in. thick; the top head
is 9/16 in. thick, and neither is dished. Heating or cooling is accomplished
with three concentric coils containing approximately 813 ft. of 2-in. pipe
with 505 sq. ft. of surface area. The slug basket is 5 ft. 5 in. I.D. by
6 ft. 6 in. deep and is formed of 1/2-in. by 2-in. bars. The slug-charging
hole is 2 ft. 10 in. I.D. with raised face to mate against the Teflon gasket
on the removable cover plate. Guide rods and plates within the charging
hole guide the slug bucket onto tripping hooks that allow the bucket to tip
upside down for slug unloading. The top head also contains a 16-in. flanged
nozzle for the vapor outlet.

2. Dissolver Towers

The Dissolver Tower, functionally a "downdraft condenser", is a vertical-
tube condenser arranged for downward, shell-side flow of Dissolver off-gas
and downward tube-side flow of cooling water. Cocurrent absorption of nitro-
gen dioxide in the condensed vapors on the heat-transfer surfaces results in
the recovery of HNO3 which is returned to the Dissolver. The unabsorbed
fraction of the off-gas passes through the vessels located downstream in the
off-gas system.

The tower is 4 ft. 4 in. O.D. by 23 ft. over-all height and is insulated.
The shell and lower dished head are 1/4 in. thick, while the top head is a
flat plate 1-1/2 in. thick. Both the shell and the 16-in. vapor inlet line
contain expansion joints. Dissolver off-gas passes through the vapor inlet
line to the top of the tower', where inlet baffles distribute the vapors
around the tube bundle. Condensed liquid, which contains the regenerated
acid, drains back to the Dissolver from a 4-in. nozzle near the bottom of the

*) See footnote, p. 1312.

a
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tower shell. Gases leave the bottom of the tower through a 10-in. line to
the Knock-Out Pot.

The tube bundle includes 511 tubes, 1-in. O.D. (14 B.W.G. wall) by 18
ft. long, finned to 2 in. O.D. with 20 radial fins extending over the cen-
tral 15 ft. of the tubes. A relatively high cooling-water velocity is at-
tained in the tubes, resulting in an increased heat-transfer coefficient,
by inserting a 3/4-in.-0.D. rod into each tube for its full length, there-
by forming an annulus of reduced cross-sectional area for water flow.
Based on the inside tube surface, the total area available for heat trans-
fer is approximately 1675 sq. ft. Based on the outside tube and fin sur-
face, the area available for absorption is approximately 15,000 sq. ft.

3. Dissolver Knock-Out Pots (De-Entrainment Towers)

The Knock-Out Pot is a separator for removing entrained liquid from
the Dissolver Tower off-gas stream. The pot is a h-ft.-0.D. by 5-ft.
2-in.-high insulated tank with 1/4-in.-thick walls and heads. The top
head is flanged and dished; the bottom head is flanged and flat. The
pot is packed with a 2-ft.-deep bed of 1-in. stainless-steel Raschig
rings. The gas inlet is a 10-in. flanged nozzle on the side near the
bottom. The gas outlet is a 10-in. flanged nozzle in the top head. Liq-
uid drains out of a h-in. connector nozzle leading from the bottom of the
pot back to the Dissolver.

4. Ammonia Scrubbers*

The Ammonia Scrubber is a bubble-cap column for water scrubbing the
Dissolver off-gas to remove ammonia formed in the Dissolver during fuel
element coating removal.

As shown in Fig. XIII-7, the scrubber surmounts the Knock-Out Pot on
a special adapter flange. Made of 1/4-in.-thick plate, the scrubber is
30 inches in diameter and 7 ft. 10 in. high. It contains three bubble-
cap trays spaced 18 inches apart. Each tray has twelve h-inch diameter
bubble caps. Dissolver off-gas enters the bottom of the scrubber through
the adapter flange and leaves through a 10-inch nozzle on the top. Water
is fed to the top tray of the scrubber while the Dissolver is operating
in the coating-removal step. During the remainder of the Dissolver oper-
ating cycle, the scrubber is empty and dry.

5. Off-Gas Heaters

The Off-Gas Heater is a finned-tube heat exchanger for heating the
Dissolver off-gas before it enters the Silver Reactor. The heater is
2 ft. 8 in. o.D. by 11 ft. long over-all and is insulated. There are

*) The information presented in this subsection is provisional. At the
time of writing, a tentative -decision to include ammonia scrubbers of the
indicated design in the Purex Plant was under review.

ust
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171 steam-heated tubes, 1 in. O.D. by 8 ft. long, finned to 2 in. O.D. with
20 radial fins over the central 6 ft. of the tubes. The 1/h-in.-thick shell
has a ring baffle at the gas inlet and an expansion joint. Steam is inside
the tubes and the 3/8-in.-thick dished heads. Ten-inch flanged nozzles serve
for gas inlet and outlet.

6. Silver Reactors

Iodine is removed from the Dissolver off-gas by reaction with silver
nitrate deposited on the packing in the Silver Reactor. The reactor vessel
is 4 ft. 6 in. O.D. by 13 ft. over-all height and is insulated. The shell and
both dished heads are 1/4 in. thick. The vessel is packed for a height of 8
ft. with 1/2-in. ceramic Berl saddles coated with silver nitrate. The straight
portion of the shell is heated by an external steam coil of 15 turns of 2-in.
pipe, which is covered by an outer shell of 20 ga. stainless steel sheet. Ten-
inch flanged nozzles in the top head and in the shell near the bottom serve as
gas inlet and outlet, respectively. Inside the top head are three spray noz-
zles for wetting the packing with chemical regenerating solutions.

7. Off-Gas Filters

To remove any remaining particulate matter, the Dissolver off-gas is
filtered through a Fiberglas filter bed. The filter vessel is an insulated,
dished-head tank 9 ft. O.D. by 8 ft. 9 in. high. Ten-inch flanged nozzles
are located in the side wall near the bottom head and in the top head for
gas inlet and outlet, respectively. The Fiberglas filter is in four layers
held between packing supports. From the bottom up the layers- are arranged
as follows:

Fiberglas Depth, Bulk Density,
Layer T In. Lb./Cu.Ft.

1 115 K 12 1.5
2 115 K 6 3.0
3 115 K 12 6.0
4 AA 1 1.2

Fiberglas Type 115 K has a mean fiber diameter of 0.00115 in. and the
fibers are kinked. The mean fiber diameter of Type AA is 0.00004 in.

F. URANIUM AND ACID CONCENTRATORS AND CONDENSERS

Purex-process concentrators include (a) three uranium concentrators for
reducing the volumes of the HCP, ICU, and 2EJ streams with prior steam strip-
ping for TBP removal, and (b) two acid concentrators for reducing the volume
of aqueous wastes and simultaneously distilling off associated HNO3 . Designs
of these five "large" concentrators are identical. They are Class.I vessels
and are installed in the cells of the Canyon along with their associated con-
densers (except for the No. 2 Acid Concentrator, which uses no condenser).
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1. Large Concentrators

The large concentrator, as shown in Fig. 1III-8 and Fig. XIII-9, is
a vertical-tube thermal-recirculation steam-heated evaporator, containing
1260 one-inch-O.D. tubes in two 10-ft.-long tube bundles, surmounted by a
9-ft.-diameter, 14-ft.-high bubble-cap column and packed section. Opera-
tion is continuous; concentrated liquid overflows from the evaporator
while the vapors pass through the tower to a condenser. In the case of
the uranium concentrators, liquid feed enters the tower and is stripped
of solvent by the ascending vapors. For acid concentration the feed
enters the evaporator; the tower serves as a de-entrainment section for
the distillate, The entire assembly is insulated to minimize reflux.

The lower portion of the concentrator body is a draft tube 2 ft.
6 in. in diameter and 8 ft. high. Each of the two remotable tube bundles
(630 one-inch O.D. by 10-ft.-long tubes encased in a steam cannister 3 ft.
2 in. in diameter) is immersed in the liquid contained in a cylindrical
shell, 4 ft. 7 in. in diameter by 14 ft. high. These shells are connected
to the draft tube by 21-in.-diameter pipes at the bottom and by h-ft.
7-in. by 6-ft. rectangular ducts at the top.

The stripping and de-entrainment tower is 9 ft. O.D. by 14 ft. high.
It rests on the ducts that join the side cylinders to the top of the
draft tube. The tower has 7 trays, each with 162 four-inch-O.D. bubble
caps on 6-1/8 in. center-to-center equilateral triangular spacing. Weirs
and down-comers are arranged for double, cross flow (both ways from a
diameter to chords or vice versa). Above the top tray is a 3-ft.-high
section packed with 1-in. Raschig rings. A 16-in. flanged nozzle at the
top of the tower is the vapor outlet.

2. Condensers (See Fig. XIII-10.)

The standard large condensers (E-Fl, E-F5, E-Fll-2, E-H2, E-K-2,
and E-J8-2) are used to condense the overhead vapors of the large con-
centrators (except from the No.2 Acid Concentrator) and of the acid
absorber and to condense the exhaust steam from the vessel-vent and cell-
vent jets.

The medium condenser (E-F9) condenses the vapors from the Waste
Rework Tank, TK-F8.

The standard small condensers are used to condense the vapors from
the Plutonium concentrators in L Cell and from the vacuum jet in. the PR
Room. These condensers are described in Subsection 13.

The large and medium condensers are of multi-pass shell-and-tube
construction with water inside the tubes. Tube sheets are fixed and
segmental baffles are installed to cause cross-shell flow of the vapor
phase. At the vapor inlet end the main body of the shell is re-entrant
into an enlarged section, forming an impingement baffle around the tubes
and an annular space into which the vapor flows. Descriptions of the
large and medium condensers are presented in the following table:
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STANDARD CANYON CONDENSERS

Large Medium
Condenser Condenser

Outside diameter of shell, in. 37 18

Over-all length, ft. 10.5 10

Number of tubes 568 108

Tube size 1 in. O.D. (12 B.W.G.) by
9 ft. long

Heat transfer area, sq. ft.* 1050 200

Number of tube passes 6 4

Number of shell baffles 4 4

Size of vapor inlet nozzle, in. 16 8

*) Based on the inside diameter of the tubes.

G. ACID ABSORBER AND FRACTIONATOR

The original Purex-Plant design included an atmospheric-pressure frac-
tionator, T-FS, for concentrating the acid-containing vapors from the No. 2
Acid Concentrator to 60 per cent HNO . Subsequent plant and pilot-plant ex-
perience has shown that vacuum fractLonating to this concentration appreci-
ably increases the equipment life expectancy by virtue of decreased corro-
sion rates. (See Chapter XVI.) Consequently, installation of a vacuum
fractionator to produce 60% HNO3 after Plant start-up is planned. This
Vacuum Nitric Acid Fractionator is planned to operate in series with T-F5
(now designated "Nitric Acid Absorber"), which will operate as an absorber
to produce approximately 30% RNO 3 '

Both the Nitric Acid Absorber and the Vacuum Nitric Acid Fractionator
are insulated Class I vessels.

1. Nitric Acid Absorber (10,11)

The Nitric Acid Absorber is 37 ft. 7 in. high over-all and is divided
into 3 parts process-wise. The reboiler (not used for absorption) is 3 ft.
6 in. in diameter and contains the heat exchanger bundle (260 1-in. O.D.
by 6-ft.-long tubes) set vertically around an 18-in.-diameter central
draft tube. A 3-ft. 6-in. diameter lower tower section above the reboiler
has 8 trays on 12-in. spacing. Each tray has 49 three-inch O.D. bubble caps,
on 4-1/4 in. center-to-center equilateral triangular spacing, set over 2-in.
O.D. vapor risers. Downcomers and weirs are arranged for single cross flow
of the liquid. The overflow weir height is 1-1/2 in. Above the lower tower
section is the 10-ft.-diameter upper tower section. In the 10-ft.-diameter
section there are 7 trays on 12-in. spacing, each tray with 156 five-in.-O.D.
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bubble caps on 6-1/2 in. center-to-center equilateral triangular spacing.
Downcomers and weirs are arranged for double cross flow (both ways from a
diameter to chords or vice versa) with weir height at 1-1/4 in. Vapor
from the No. 2 Acid Concentrator enters the Nitric Acid Absorber via a
16-in.-diameter line at a point below the lowest large-diameter tray (No.
9).

The condenser associated with the Absorber is identical with the
Uranium and Acid Concentrator Condensers described in Subsection F2.

2. Vacuum Nitric Acid Fractionator (12,19)

At the time of this writing, design and fabrication of the Vacuum
Nitric Acid Fractionator was not complete. However, preliminary drawings
and design specifications for the installation had been prepared. Speci-
fied major equipment pieces included a fractionator and condenser, with
evacuating equipment, plus four Class II tanks. Plans also included a
new building (340 sq. ft. of floor area, 45 ft. high) on the north side
of the Acid Storage Vault for housing this equipment.

The fractionator was specified to include an insulated fractionating
tower and reboiler, to be contact maintained, and to be fabricated ac-
cording to Class I vessel specifications. A bottom flash zone pressure
not to exceed 160 mm. of Hg (absolute) and a reboiler designed for nitric
acid on the tube side were also specified.

H. CENTRIFUGES (1lT7)(See Fig. XIII-12 and Fig. XI1-13.)

Two types of Bird solid-bowl, 48-in.-diameter centrifuges are used
in the Purex process: (a) the solid-liquid centrifuges (0-E2 and G-Eh)
for clarification of dissolver solution prior to its make-up into HAF,
and (b) the three-phase (solid-liquid-liquid) centrifuges (G-G3, 0-Gh,
G-R3, and G-Rh) for removal of suspended aqueous solutions and solids
from washed organic streams.

1. General Description

The centrifuges are all similar in design and construction except
for differences necessitated by the liquid-liquid-solid separation re-
quired of those used for solvent recovery. Principal components of a
machine include (a) a solid cylindrical bowl, sized for a maximum holdup
of 90 gallons, (b) a vertical spindle from which the bowl is axially sus-
pended, (c) an electric motor, direct-connected to the spindle, which
rotates the bowl, and (d) an outer cylindrical case which encloses the
rotating bowl. These components are rigidly supported by a structural
steel frame measuring approximately 7 ft. by 10 ft. by 13 ft. high. The
entire assembly is designed for remote operation and maintenance. All
parts in contact with process solutions or fumes are stainless steel.

The centrifuge bowl measures 48 in. I.D. by 24 in. high and is open
at the top except for an annular 34-in.-I.D. overflow lip. Three hori-
zontal annular baffles, 35 in. I.D., divide the bowl into compartments.
The bowl is of all-welded construction and is fabricated according to
specifications for Class I vessels.

a"
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Important centrifuge auxiliaries include a hydraulically operated
skimmer, for reducing the liquid holdup in the rotating bowl3 a hydrau-
lically operated plow, for dislodging centrifuged solids from internal bowl
surfaces; and the bowl spray, for dislodging or washing down the solids.

In operation, centrifuge feed is fed to the bottom of the rotating bowl
and flows to the bowl wall. Over an extended period of operation, solids
collect on the bowl wall while liquids escape to the centrifuge case, either
over the bowl lip or through specially designed passages, for the aqueous
phase of a solvent centrifuge. Liquid held up in the rotating bowl is re-
moved by operation of the skimmer. Solids are removed by dislodging with
the plow or spray, slurrying, and jetting.

2. Electrical Features

A 50-hp., 550-volt, 75-cycle, two-speed electric motor drives the
centrifuge basket at its maximum safe speed of 1450 r.p.m. to give an
effective centrifugal force at the inside diameter of the bowl of 1430 G
(1430 times the force of gravity), or at a reduced speed of 750 r.p.m.
Power of this voltage and frequency is supplied by motor-generator sets and
was selected in order to operate at the maximum centrifugal force; with the
usual power supply (e.g., hh0-volt, 60-cycle), motor design would limit this
operation to an undesirably low speed (1150 r.p.m.) or to a speed too high
to be safe (1750 r.p.m.) Under emergency conditions the centrifuges can be
operated with the normal hh0-volt, 60-cycle power supply, but at reduced
speed (1150 r.p.m.).

Braking from the centrifuge slow speed (750 r.p.m.) to a stop is accom-
plished by D. C. excitation of the motor field.

3. Liquid-Liquid Centrifuge

As shown in Fig. XIII-13, the solvent-treatment centrifuge is arranged
for liquid-liquid-solid separation with continuous discharge of two liquid
streams and intermittent clean-out of deposited solids. Outlet passages
and overflow weirs for the heavy liquid are contained in the 1-1/2 in. thick
overflow lip, connecting to the interior of the bowl through 1/2-in. holes
drilled tangent to the bowl wall. The light liquid overflows the major bowl-
overflow lip at the 34-in. diameter. The heavy-liquid overflow weir is at
approximately 35-in. diameter and is adjustable by changing the length of
insert sleeves. Flinger rings for both liquid streams are attached to the
outer circumference of the basket., These rings deliver the liquid streams
into separate compartments within the centrifuge case. The light-liquid
compartment is separated from the heavy-liquid compartment by an intermediate
space called the air case. The baffles enclosing thle air case are spaced
approximately 0.1 in. from the flinger rings on the basket. An air-circulat-
ing line vents the light-liquid discharge duct back to the air case. The
heavy-liquid discharge line is vented to the vessel-vent header. Litiuid-
outlet ducts are rectangular and tangential to the case wall. The ducts
terminate in a 4-in. nozzle for the light liquid and a 3-in. nozzle for the
heavy liquid.

we
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I. PLUTONIUM CONCENTRATORS AND PRODUCT REMOVAL VESSELS (6)

Equipment for further processing the plutonium product from the 2B
Column includes the stripping and concentration equipment in L Cell and
the equipment associated with the loading out of plutonium in the PR Room.
In L Cell, the Plutonium Stripper, the No. 1 and No. 2 Plutonium Concen-
trators with associated condensers, and the Plutonium Receiver are arranged
and supported as a single structural unit which is designed for remote
maintenance. The Plutonium Sampler Tanks, the Vacuum Tank with its jet and
condenser, the PR Head Tank, and facilities for loading the PR Can are lo-
cated in the PR Room. With the exception of the PR Head Tank and the PR
Can (and container), all of these are Class I vessels, although none of
them are individually designed for remote maintenance. Also, most of these
vessels are characterized by unusual geometry in comparison to other Purex-
Plant equipment because of criticality considerations.

1. Plutonium Stripper

The Plutonium Stripper is a 28-ft.-high tower for the removal of
volatile material from the plutonium feed stream. Preliminary concentra-
tion of the plutonium solution is obtained by evaporating a portion of the
stream to provide vapor for the stripping section. The tower assembly
consists (from the bottom up) of the boiler, the stripper, and the de-
entrainment section. The vertical-tube boiler has thirteen tubes (1 in.
O.D. by 6 ft. long) inside a 6 -in.-I.P.S. steam shell. The boiler is con-
nected top and bottom to a 6 -in.-I.D. by 9-ft.-high disengaging section.
The 'stripper (7.0 in. I.D. by 9-1/2 ft. high), containing an 8-ft.-deep
bed of 1-in. stainless-steel Raschig rings, is set above the disengaging
section. The feed stream enters the top of the stripping section onto a
distributor plate above the packing.

The de-entrainment section above the stripper consists of two parallel
7-in.-I.D. by 4-ft.-high cylinders packed 3 ft. deep with 1-in. stainless-
steel Raschig rings.

2. Plutonium Concentrators

Two similar concentrators are used for concentration of the plutonium
stream and for re-evaporation of condensate if necessary for decontamina-
tion before cribbing.

The Plutonium Concentrator is 24 ft. high. It consists of boiler,
disengagement section, and de-entrainment section. The thirteen-tube
boiler is identical to the stripper boiler (Subsection Il) except for the
orientation of the steam nozzle. The boiler is connected top and bottom
to the 6-in.-I.P.S. by 6-ft.-high disengaging section. Two parallel,
7.0-in.-I.D. by 8-ft.-high, de-entrainment sections surmount the disengag-
ing section. De-entrainment sections are packed 7 ft. deep with 2-in.
stainless-steel Raschig rings.

.4' -*
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3. Plutonium Condensers (See Fig. XIII-1,)

Condensers E-L5 and E-Z8 condense the overhead vapors from the concen-
trators. Condenser E-L12 condenses the steam from the vacuum jet for the
Plutonium Vacuum Tank, TK-Lll. Each condenser has ten 1-in. O.D. (12 B.W.G.)
by 5-ft.-long tubes arranged in three passes in the 6-in.-I.P.S. shell.

h. Plutonium Receiver

Concentrated plutonium solution from the concentrator is collected in
the Plutonium Receiver TK-L6. This vessel consists of two interconnected
cylindrical, jacketed, 5-5/8 in. I.D. by h-ft. 6-in.-long tanks. The tanks
are connected to the bottom by a manifold containing approximately 8 ft. of
3-in. pipe. The top connecting manifold contains 5 ft. of 1-in. pipe.

5. Plutonium Sampler Tanks

Either of two identical Plutonium Sampler Tanks (TK-L9 and TK-Ll0) will
receive the entire contents of the Plutonium Receiver (9.5 gal.). The tank
is 5-5/8 in. I.D. by 10 ft. long. Nozzles and manifold extend another 5 ft.
2 in., making an over-all length of 15 ft. 2 in. for the vessel.

Each sampler tank is equipped with a recirculating pump for blending of
the tank contents before sampling. The recirculating pump discharges to a
sparger tube inside the tank. The sparger tube is an 11-ft.-long 3/4-in.-
I.P.S. pipe perforated with 1/8-in.-diameter holes spaced 9 in. apart. This
tube runs lengthways through the sampler vessel and is brought out to a
3/h-in. flanged nozzle.

6. Vacuum Tank

The Vacuum Tank (TK-Lhl) is an evacuated vessel used as a source of
supply for vacuum to effect the transfer of liquid from the Plutonium Re-
ceiver to the Plutonium Sampler Tanks. The Vacuum Tank is also an auxil-
iary receiver tank for plutonium or waste solutions. The vessel is composed
of two 5-5/8 in. I D. by 9-ft. 6-in.-long tanks. The tanks are connected
at the bottom by a manifold of 3-in. pipe and at the top by a manifold of
1-in, pipe. The Vacuum Tank is evacuated by a steam jet exhausting to the
Vacuum Tank Condenser E-I1I2.

7. PR Head Tank

Plutonium product solution is drained by gravity from the Plutonium
Sampler Tank to the PR Head Tank, which is a calibrated 2-ft. length of
6-in.-diameter pyrex pipe, for measurement of the volume of solution to be
placed in the PR Can.

8. PR Can and Container(7)

The PR Can, used for removal of concentrated plutonium product solu-
tion, is constructed of a 23-in.-long piece of 6 -in. pipe with a 3-in.-pipe
filling neck. The can is shielded with a 1/2-in.-thick layer of lead (with
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4% cadmium) encased in a stainless-steel cover of 16 U. S. Standard Gage
sheet. A solid polythene stopper is held in place with a spider clamp and
hand screw.

The container or carrier for the PR Can is 22 in. O.D. by 2 ft. 8 in.
high above a 6-in.-high base support and is made of 1/h-in.-thick plate.
Internal guide rods center the PR Can on a pad shaped to the bottom of the
can. The container has a removable cover of 1/8-in.-thick plate held in
place by 4 screw clamps.

J. VESSEL-VENT SILVER REACIOR AND AUXILIARIES

The steam jets that service the Canyon vessel-vent system and the
condenser-vent system discharge into the Vent Condenser E-Fl, which is a
standard large condenser described in Subsection F2. Vent gases (leaving
the condenser) are sent through the Vent Heater E-F2, the Vent Silver Reac-
tor T-F2, and Vent Filter F-Fl, all of which are identical to the counter-
part dissolver-cell equipment described in Subsections E5 (heater), E6
(reactor), and E7 (filter).

K. STRAIRS(6)

Strainers are used for removal of particulate matter from "cold"
streams. In general, disc-type strainers are used in continuous streams
and basket-type strainers in intermittent streams; in either case, a wide
variety of sizes are used. All strainers are designed for 2-lb./sq.in.
pressure drop at operating flow rates and to remove particles to 0.04 in.
(ferrous sulfamate make-up strainer, ST-103, to remove particles greater
than 0.008 in.).

The disc-type strainers strain during inward, radial flow between cir-
cular discs separated by thin spacers. For cleaning, the stack of discs
may be rotated against stationary cleaner blades by an external handle.
The soJids then fall to the bottom of the case and may be removed through
an outlet during inoperative periods. A typical disc-type strainer is
shown in Figure XIII-15.

A typical basket-type strainer consists of a cylindrical stainless-
steel filter body containing a stainless-steel wire mesh basket. Liquid
flows into the basket from the top; the basket is removed from the case
for cleaning.

L. WATER DEMINERALIZER

Principal Demineralizer equipment pieces include four exchanger tanks
and two. tanks for the storage of the acid and caustic required for De-
mineralizer regeneration.' The tanks are of rubber-lined carbon steel
with interconnecting plastic piping. The four exchanger tanks are arranged
in two parallel lines, each line including one tank for cation exchange
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and one tank for anion exchange. The cation-exchange tank is 6 ft. O.D. by
10 ft. 9 in. high and contains a 12-in. depth of carbon filtering medium
under a h-ft. 5-in. depth of cation-exchange resin. The anion-exchange tank
is 4 ft. 6 in. 0.D. by 7 ft. 4 in. high and contains a 2-ft. 6 -in. depth of
4nion-exchange resin. All exchanger tanks have dished beads and are designed
for 100-lb./sq.in.ga. working pressure.
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TABLE XIII-1

AQUEOUS MAKE-UP TANKS

Tank
No, Tank Name

Material of
SiZe(a) Construction

Coil
Area,
Sq.Ft. Azitator Strainer

Fe(NH2SO3 )2 Adjustment Tank
Fe(N 3)2 Makp-Up Tank
NaNO3  e-Up Tank
Wash Make-Up Tank
NaNO2 Make-Up Tank

Na 2 C0 Make-Up Tank
Dissolver A Add Tank
Dissolver B Add Tank
Dissolver C Add Tank
Waste Rework Add Tank

Utility Add Tank
NaOH Add Tank
NaNO3 Add Tank
Na2C0 Add Tank
IBX Mike-Up Tank B

IBX
2AS
2AS
2BX
2BX

Make-Up Tank
Make-Up Tank
Make-Up Tank
Make-Up Tank
Make-Up Tank

A
A
B
A
B

101
103
104
105
106

107
201
202
203
204

205
206
207
20e
209

210
211
212
213
214

215
216
217
218
219

220
221
222
223
324

Medium
Medium
Large
Large
Medium

Large
Medium
Medium
Medium
Medium

Medium
Medium
Large
Large
Large

Large
Medium
Medium
Medium
Medium

Special
Small
Small
Small
Small

Stainless steel
8.S.

Carbon steel
B.S.

Carbon steel

Carbon steel
8.S.
B.S.
s.S.
5.S.

65
40

255
75

B.S.
B.S.
5.S.
5.S.
B.S.

5.S.
5.S.
8.S.
8.S.
B.S.

5.S.
s.S.
8.S.
5.S.
S.S.

(b)

Medium
Medium
Medium
Special(O)
Large

5.S.
5.S.
8.S.

Aluminum
5.S.

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yea

Yes
Yes
Yes
Yes

Notes:

(a) Small size is 2 ft. O.D. by 4 ft. high.
Large size is 8 ft. O.D. by 8 ft. high.

(b) 2 ft. O.D. by 2 ft. 6 in. high.
(a) 8 ft. O.D. by 12 ft. long, horizontal.

Medium size is 5 ft. 0.D. by 5 ft. high.

30

Aa

HNOa Mater Tank
Fe(NH2 S0S) 2 Meter Tank
2DF Add Tank
HAF Make-Up Add Tank
Utility NaNO2 Add Tank

NaND2 Add Tank
Head End Wash Add Tank
HNO Head Tank
Demneralized Water Head Tank
Solvent Head Tank
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FIGURE XI1-I
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FIGURE XIE-2
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FIGURE XM-3
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FIGURE XII-4
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FIGURE xfiI-
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FIGURE =i[-8
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FIGURE XII-1O
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FIGURE XII

NITRIC ACID ABSORBER
-6" R. F FLANGE

55 3 3'

wt 
156 BUBBLE- 

CAPS
X PER TRAY

54 SLOTS

1" 5"

VAPOR
INLET

rb.
-1

TRAY i5

'14 B

2
I~I #1310-0 0.0.

..

FEED

.8

a

*5

- - --3'-6, 0. D.- --

NOZZLES
NUMBER SIZE

a 16-

2 4w

4I I I

1II

SEAL POT

--3.

3"0.D. ktJ

2"0..

34 SLOTS
OrT32" /"

49 BUBBLE CAPS
PER TRAY

2

DRAFT TUBEI

20TUBES
I" .D. (12 BWG)x

6-0 L E.

.- STEAM CHEST

6"

t

flow

--- I I I

mm.



HW-31000

RO
STATIONARY

BAFFLES

TORGANIC-CASE

AIR CASE

AQUEOUS

AQUEOUS

12 OUTLETS PE

OEFLOW

FIGURE .II-12

CENTRiFUGES

TACHI-
OMETER

SENE RATOR

MOTOR
50 HP

1545 RPM
INSERT

TATING MEMBER

ORGANIC OVERFLOW LIPS

AQUEOUS
PASSAGE

ITYPICAL DIP LEG FOR
JET OUT, INSTRUMENT,
AUX. FEED, ETC.

OVERFLOW DETAIL
R LIQUID-LIQUID CENTRIFUGE

3 ,FEED INLET

SPRAY.
LINE

__ _ _ RGANiG.

X' MME

AIR
CASE-

AQUEOUS CASE 48" 1. . .

CASE AND BOWL CASE AND BOWL
TYPICAL OF TYPICAL OF

LIQUID-LIQUID CENTRIFUGE SOLIO-LIQUID CENTRIFUGE



ON wC-.AttV

CONCENTRATOR DIMENSIONS
HEIGHT .30:H
LENGTH 17
WIDTH [I'
WEIGHT 41 TON (WITHOUT

REBOILERS OR CONDENSER
TOTAL ASSEMBLY 53 TON

ONE OF TWO REMOTELY
REMOVABLE CANISTER
TYPE REBOIES D
TUBES PER REBO

REBOILER SHELL

OVERFLOW CHAMBER

POSITIONING TRUNNIONI

REMOTELY
REMOVABLE CONDENSER

I

AND CONDENSER
PERSPECTIVE CUTAWAY

I RASCHIG RINGS

BUBBLE TRAY
162 CAPS PER TRAY

- - SEAL POT

ii--

- --

SECOND REBOILER

--

TEFLON BELLOWS

FIGURE XILR-9

ILARGE. CONCENTRATOR
m

0
0

--



7

AIR RETURN
DUCT

ORGANIC OUTLET

. FIGURE

LIQUID -
- CENTRI

PERSPECTIVE

(LENGTH Z TERMINES
INTERFACE LOCATION)

STTOARY

ROTATING BOWL

O OUEOUS

- ORGANIC

SELF GENERATED 4!SOLIDS
AIR FLOWI

HW-31000

XII1 - 13
LIQUID
FUGE
NO CUTAWAY



HW-3100 0

VAPOR TO CONDENSER

DEENTRAINMENT
SECTION

PACKING, I"
RACING RINGS

--- 7.O"ID.

FEED

3 TUBES
I"O.o. (Ia1

6 -Or

- OILER

FEED INLET
RODUCT STREAM

CONCENTRATOR

15* E LSUSMERGED PUMP NOZZLE
NOZZLES RlECIRCULATION

RUMBE IZE FROM PUMP TO VACUUM TANK

ONN ENT 4 12 ID.

WATE WATER OUTLET 5T L D.
IIIFEED 111LET | /*3z

5.625'' L 0 PRODUCT
II STREAM 

5

NOZZE

SAMPLER PR HEAD TANK

WATERWATER [MtET
LTETNOTE DRAWINGS NOT ALL TO SAME SCALE. CLAMPING SCREW

POLYTHENE STOPPER
--- -RODUT STREAM LP.S. SON.80 PIPE

INLET 6 576, LD. . 23 n'LONG

STEAM tNLEl

WO)

JOENSAT E

RECEIVE

TO JET

VACUUM FROM
SAMPLER TANK

2-6. 5.625' ID.

13'-3
SOZE

L1D CLAMP

LIFTING EYE

GUIDE RODS

SUPPORT

22"

P R CAN CONTAINER

!THICK LEAD

LIFTING TRUNNION

PLUTONIUM VESSELS

VACUUM TANK
P R CAN



rVAPDR TO CONDENSER

DEENTRAINMENT

*l. PACKING, I

RAISClG RINGS

- ... "L.D.

e 'W

- 7-.0

FEED
INLET

STRIPPING SECTION

2 8 t 212w

STEAM
INLET

DISENGAGING I
SECTION

STEAM
-INLET

6' LD. BOILER

St- 0 .
DRAFT TUBE -

CON-
DENSATE 3 TUBES,rooD. (12 B1W)

I--.PRODUCT STREAM

STRIPPER

SECT ION
r VAPOR TO CONDENSER -I

NOZZLLb

NOZZLES

NUMBER SIZE

VACUUM
OR VENT P

LT WATER OUTLET /4'

IFEED INLET v
I1 5.625" L 0. PRODUT

I L STREAM

4-6NUMBER SIZEa I

I1 . JACKET

R WATER INLET
T NOTE: DRAWINGS NOT ALL TO SAME SC

- -.- PRODUCT STREAM

REEIE

N IR Z1E WAT
OUTI

DEENTRAINMENT

PACKING: I"
RACING RINGS

- I WATE+-7.O"..0. {NLE

FEED IET

93'-6"

DISENGAGING
- SECTION 

STEAM INLET

P-IP O
3 TUBES

I 0".0. (12 BWG)

ORAFT TUBE- SLd

BOILER

-- -- CONDENSATE

R FEED INLET
PRODUCT STREAM

CONCENTRATOR

3'4

~gLID CLAMP

LIFTING

GIDE 0T

-UPIPORT

22"

VACUUM TANK

A

*TO JET

* VACUUM FROM

SAMPLER TANK

5.625 I.D.

9'OLES

PACKING, r' RASCHIS RINGS

NU ZZGEN B,

7.0"L 0.

E

P R GAN CONTAINER



HW-31000

FIGURE fI-15

DISC-TYPE STRAINER

ROTATE TO
CLEAN

OUTLET

- INL ET

STATIONARY
CLEANER BLADE

ROTATING DISC

ROTATING SPACER

DRAIN



1401

PART III: PLANT AND EQUIPMENT, continued

CHAPIER XIV. PUMPS. JETS. AND AGITATORS

CONTENTS

A. CANYON SERVICE PUMPS ...............

1. Introduction ..................
2. Basis of Selection and Design .
3. Deepwell Turbine Pumps ........

3.1 Principles of operation ..
3.2 Effect of process variables

4. Process Requirements ..........
5. Description of Production Units

B. NON-CANYON SERVICE PUMPS ..........

1. Introduction ..................
-2. Basis of Selection

3. Standard Horizontal Centrifugal
4. Self-Priming Centrifugal Pumps

C. JETS .............................

1. Introduction ..................
2. Liquid-Transfer Jets ..........
3. Sampler Jets ..................
4. Gas-Transfer Jets .............
5. Variable-Flow Jets ............
6. Gang Valves ...................

D. AGITATORS .........................

1. Design Basis ..................
2. Description ...................

2.1 Canyon agitators .........
2.2 Non-Canyon agitators .....

REFERENCES ............................

LIST OF TABLES AND FIGURES ............

on pump

Pumps

charac teristics

Page

1402

1402
1402
1403
1403
1403
1403
1403

1406

1406
1h07
1407
1407

1408

1408
1408

1409
1409
1410

1412

1412

1412
1412

1413

1414

Ulm DOWL



1S02 HWt'*0 ic

CHAPTER XIV. PUMPS, JETS, AND AGITATORS

The transfer of liquids is effected in the Purex Plant by pumps and
jets. Remotely installed and maintained deepwell turbine-type pumps were
selected to function in Canyon areas and standard centrifugal pumps were
chosen for non-Canyon areas. Steam jets, operated by sequence-controlled
gang valves, are used as stand-bys for pumps, for exhauster service, for
batch transfer of process solutions, for draining of sumps, and removal of
heels from process vessels. Air-operated jets are used for sampling.
Agitators are used for the blending of tank contents in both Canyon and
non-Canyon areas.

A. CANYON SERVICE PUMPS

1. Introduction

Submerged, deepwell, turbine-type pumps are used in the Purex Canyon
for transfer, column feeds and for recirculation. Twenty-seven pumps are
employed for handling process solutions in the Canyon.

2. Basis of Selection and Design

The selection of pumps for service in the Canyon was based on the
following requirements:

(a) Head-capacity characteristics: Pumps are required to meet a
wide range of head and capacity conditions in the Processing
Building. Heads range from 21 to 108 ft. of fluid and the
required flow rates, at a 10-ton/day uranium processing rate,
range from 10 to 200 gal./min.

(b) Materials of construction: Construction materials must resist
corrosion and erosion by the pumped solutions.

(c) Life expectancv: A minimum expectancy of one year without
maintenance is desired.

(d) Leakage: No leakage of radioactive solutions from the pump is
tolerable.

(e) Flushing and draining: The pump must contain no pockets that
are not flushable from the discharge line and must be completely
drainable through the suction port.

(f) Strength: The pump must be strong enough to withstand impacts
and strains imposed by remote handling equipment.

Multistage, vertical, submerged, deepwell turbine-type pumps were
selected for Canyon service.
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3. Deepwell Turbine Pump

3.1 Principles of operation

The pumped fluid enters the axial suction port at the bottom of a
deepwell pump and passes directly into the eye of an impeller. The fluid
is accelerated as it passes between the impeller blades. The acceleration
is termed an "impulse" and is due to the difference in peripheral speeds
between the outer and inner ends of the impeller blades. In general, for
constant shaft speeds, the acceleration is proportional to the square of
the impeller diameter.

After leaving the impeller, the fluid enters a diffuser which consists
of a set of channels leading to the eye of the impeller of the second stage.
Since the fluid enters the pump at the same rate at which it leaves, the
increase in velocity head gained by successive impulses is converted to
pressure head in the diffuser. The head developed by a multistage pump is
approximately equal to the head developed in one stage times the number of
stages.

3.2 Effect of process variables on pump characteristics

The head-capacity characteristics of a pump are not affected by dif-
ferences in density of the fluid being pumped, but the discharge pressure
and the brake horsepower at any flow rate are directly proportional to the
density of the fluid. Viscosities up to 25 centipoises do not significantly
affect the head developed at any flow rate as compared to the head developed
when pumping water.

4. Process Requirements

Eighteen Canyon pumps, remotely installed and maintained, are required
in the Purex process for the handling of "hot" process streams. Nine deep-
well turbine pumps, designed for contact maintenance, are classed as
Canyon pumps because of their location. The salient features of each of
the Canyon pumps are listed in Table XIV-1. The pumps are divided into
four groups on the basis of the required shaft lengths and the number and
sizes of the stages required to meet head and capacity requirements. Operat-
ing spares are needed to insure continuity of operation in the event of
pump failure.

5, Description of Units

An assembly drawing of a typical Canyon pump is shown in Figure XIV-1.
Component parts of the assembly are described below. The pumps were built
by the Johnston Pump Company, of Los Angeles, California. Each pump is
supported on the vessel nozzle flange by means of a mounting flange. A
vertical torque tube extends downward from the flange and contains the pump
stages as integral parts of the column assembly. The torque tube length is
determined by the depth of the vessel, and the number of stages is established
by the required head-capacity characteristics of the pump. Solution enters
through the suction port at the lower end of the pump and passes vertically
upward through each succeeding stage and then the torque tube. It is

10,11,~ P
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discharged through a side arm, radially, at the top of the torque-tube
section below the mounting flange. The side arm bends to pass vertically
through the mounting flange and emerges adjacent to the pump flange.
This construction was employed to reduce the over-all height of the
connector assembly for the discharge line connection. A set length of
only 3 ft. made it desirable to locate the side arm above the mounting
flange in the case of the 2AF pump. The drive shaft of the pump extends
concentrically through the mounting flange and torque tube and is guided
by sleeve bearings lubricated by process solution. An impeller is fixed
to the shaft at each stage. The pump shaft is rigidly coupled to the
shaft of a vertical, hollow-shaft electric motor mounted above the pump
mounting flange. Weight of the shaft assembly and axial thrust are
carried by the motor bearings. A throttle bushing is provided at the
point where the shaft emerges from the torque-tube section. The close
clearances between the shaft and the bushing restrict the flow of solu-
tion. Leakage past the throttle bushing is returned to the process
vessel by gravity flow.

5.l Pumps

The semi-shrouded pump impellers are cast Type 304 stainless steel.
Tapered, split lock collets of Type 304 stainless steel are used to
attach the impellers to the shaft.

The diffuser bowls which separate the impellers of two adjacent
stages are of cast Type 304 stainless steel. These diffusers act as
channels to guide the discharge from the periphery of one impeller into
the suction eye of the next stage. Each bowl is provided with a tongue-
and-groove registered fit to insure proper alignment of adjacent bowls.
All bowls of any one group of pumps are similar and interchangeable.
Sleeve bearings in each bowl, above and below the impeller, guide the
shaft and serve to restrict intrastage recirculation of the pumped fluid.
Table XIV-1 lists the number and sizes of stages in each pump. FigurE XIV-2
presents typical head-capacity curves for pumps of each size.

5.2 Torque tube and shaft

5.21 Torque tube

The function of the torque tube is to support the pump stages, to
protect the shaft, to retain bearings not contained in the bowls, and to
carry the discharge stream through the pump to the discharge nozzle. A
Schedule 40, 3-inch or h-inch diameter I.P.S. flanged pipe torque tube,
fabricated from Type 347 stainless steel, fixes the position of the
stages from the mounting-flange head assembly and suspends the stage
assembly. The length of the torque-tube section depends on the depth
of the vessel.

5.22 Shaft

The vertical pump shaft runs concentrically within the torque tubE.
All shafts are nominally 1 inch in diameter with lengths varying from
3 ft. to 13 ft, 11-3/4 inches.
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Alignment of the shaft is essential to operation of any pump and
becomes of critical importance in the case of long-shafted pumps employ-
ing a number of bearings. Extreme caution must be exercised during
remote handling to insure that the torque tube and shaft are not bent
or misaligned.

5.3 Bearings

Process-solution-lubricated sleeve bearings are used to guide the
shaft. One sleeve bearing is mounted in the diffuser section of each
bowl or stage. A large bearing, called a "foot" or suction bearing, is
mounted in the suction bell at the lower end of the shaft. Additional
bearings mounted in "spiders" (bearing retainers which allow pumped
solution to pass freely around them) are positioned at intervals along
the shaft so that the greatest length of unsupported shaft is five feet.
The arrangement provides a bearing above and below each impeller. In
addition to adequately guiding the shaft these bearings restrict
intrastage circulation of the pumped fluid. The sleeve bearings are
fabricated from CSGBF (Cleves coke, standard coal-tar pitch, gas-baked
finish) pile graphite, manufactured by the National Carbon Co. from
coke produced by the Cleves Refinery of the Gulf Oil Co. The bearings
are provided with diametral shaft clearances of 1.5 to 2.5 mils. Success-
ful operation of the bearings demands constant lubrication. The pumps
must never be operated without a flooded suction. Dry operation will
result in almost immediate scoring and wear of the bearing and shaft
surfaces.

Standard, ball, motor bearings are used to absorb developed axial
thrust and to support the weight of the shaft and attached impellers
as well as to guide the upper portion of the shaft. The motor bearings
are ball bearings mounted in grease chambers in the motor. The chambers
are packed with Shell Oil Company "Alvania No. 2" grease at the time of
manufacture and require no further lubrication.

5.4 Shaft seal

A shaft seal, consisting of two throttle bushings, is provided at
the mounting flange where the shaft emerges from the torque tube. The
seal serves to prevent leakage of process fluids and vapors into the
cell and thus prevents the spread of contamination. The throttle bushings
are located at the top and bottom of a concentrically placed sleeve
surrounding the shaft. The sleeve is an integral part of the discharge
head casing. The lower or liquid throttle bushing is a plain sleeve
bearing, fabricated from CSGBF pile graphite, that serves as a guide
bushing in addition to restricting leakage. The upper or vapor throttle
bushing is made from Graphitar No. 2 and is of labyrinth design (alternate
grooves and lands). The discharge case has two diametrically opposite
vents or ports extending through the column, located above the liquid
throttle bushing. Solution which leaks past the bushing into the shaft
sleeve drains through these ports back into the vessel. A slinger ring
secured to the shaft near the top of the ports deflects solution rising
along the shaft. The ports are located at least two inches above maximum
liquid level in the tank.
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The upper throttle bushing serves as a labyrinth trap to contain
mists and vapors within the vessel.

5.5 Coupling and motor

5.51 Coupling

An adjustable, cast-iron, rigid, flange-type coupling is used to
connect the pump and motor shafts. The hollow motor shaft is fabricated
to form one of the flanges of the coupling. The second flange is
secured to the motor-shaft flange by means of extended pins or bolts
and to the pump shaft by means of a gib-head-key that prevents rotation
of the coupling with respect to the shaft while permitting axial freedom.
An adjusting nut, threaded to the upper end of the shaft, provides for
axial adjustment of the shaft and secured impellers as a unit during
assembly. The nut is secured to the shaft coupling by means of a
machine screw inserted axially through the nut into one of four equally
spaced holes in the coupling, permitting quarter-turn adjustment of the
nut. The coupling is coated with Amercoat No. 33.

5.52 Motor

The vertical, hollow-shaft, flange-mounted motors are 1750-rev./min.,
3-phase, )40-volt squirrel-cage-type induction motors and are totally
enclosed and fan cooled. Sizes range from 3 to 10 horsepower. External
surfaces are protected with Amercoat No. 33.

The hollow motor shaft is machined to provide alignment fit with
the pump shaft at the upper end of the motor shaft and is relieved
through the balance of the bore for ease of assembly.

5.6 Mounting

Each Canyon pump is mounted on a circular adapter flange. The
flange provides support for the pump, discharge-pipe connector nozzle,
and a male electrical connector.

The flange is located on the tank by means of dowel pins and is
fastened with free nuts. A bail is provided for lifting the assembly.

Triangular guide fins of stainless steel are welded to the torque
tube above and below the torque-tube flanges to guide the pump through
the tank opening and to reduce the possibility of the pump catching on
the tank during installation or removal.

B. NON-CANYON SERVICE PUMPS

1. Introduction

Twenty-eight pumps are used for non-radioactive solution transfer
in the Purex Plant. These pumps are located in the 202-A, 203-A, 211-A,
and 276-A facilities.
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2. Basis of Selection

Each pump was selected to meet the following requirements:

(a) Performance characteristics: A pump with the proper head-suction-
capacity characteristics was selected for each application.

(b) Corrosion resistance: The materials of construction were
specified to resist corrosion by the solution to be pumped.

Standard single-stage centrifugal pumps operating at 1800 rev./min. were
selected for non-Canyon service.

3. Standard Horizontal Centrifugal Pumps

3.1 Requirements

Standard chemical transfer pumps range in capacity from 12 to 350
gal./min. and operating heads from 53 to 85 ft. of pumped fluid. Table
XIV-2 lists the specific operating requirements for each pump.

3.2 Description

Ten pumps are of the open-impeller, single-stage, horizontal,
vertically split design and operate at 1800 rev./min. The pumps are
manufactured by the Pacific Pumping Company, Oakland, California.
Single rotary mechanical seals prevent leakage of pumped solution.

Two pumps of similar design were manufactured by the General Machinery
Company, Seneca Falls, New York. Ten were manufactured by the Byron-Jackson
Company, Vernon, California. Of these ten, four are provided with double
rotary mechanical shaft seals. One-gallon-capacity water tanks are provided
with the pumps to supply seal lubrication water.

3.3 Performance and operation

Actual heads developed at shutoff (zero flow) and at process flow
rates are listedin Table XIV-2. Typical head-capacity characteristic
curves can be constructed through these two points if it should be
necessary to estimate the pump capacity at any other operating head.

4. Self-Priming Centrifugal Pumps

4.1 Requirements

Six self-priming centrifugal pumps were selected for the unloading
of chemical solutions from drums and tank cars in Building 211-A. The
pumps range in capacity from 12 to 97 gal./min. and in discharge heads
from 57 to 82 ft. Suction lifts vary from 3 to 8-1/4 ft.

fl
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4.2 Description

The pumps were manufactured by the Duriron Company, Dayton, Ohio,
and are standard horizontal, self-priming centrifugal pumps with vertically
split cases. The shafts of the acid and organic unloading pumps are
sealed against leakage by single rotary mechanical seals. A double
rotary mechanical seal lubricated by clear water is employed to seal
the 50% sodium hydroxide unloading pump.

Self-priming pumps must be primed before they can be operated for
the first time.

C. JETS

1. Introduction

Steam, air, and water are used for operating the jets in the Purex
Plant. Steam jets are employed for gas transfer, sump draining, solu-
tion transfer, heel removal from process vessels, and as stand-by equip-
ment for pumps. Air-operated jets are used for continuous sampling in
the 202-A Building. A water eductor is employed for evacuation of the
vacuum tank in the P.R. enclosure. Variable, controlled-flow steam jets
are used as booster jets from extraction columns to the uranium concen-
trators.

2. Liquid-Transfer Jets

2.1 Requirements

Liquid-transfer jets are used to remove heels from process vessels,
to drain sumps, and to serve as stand-bys for pumps. Table XIV-3 lists
the characteristics required.

2.2 Description

Liquid-transfer jets are of standard design and are fabricated
from Type 304L or Type 347 stainless steel. One hundred and forty-
seven jets have 2-inch I.P.S. suction, discharge, and steam nozzles
while 45 are provided with 1-in. I.P.S. connections. Six jets, used
for draining of sumps, are provided with 3-in. suction and discharge
connections and 2-in.-diameter steam nozzles. A sectional view of a
typical jet is shown in Figure XIV-3.

2.3 Performance

Steam jets are classified into five groups according to their rated
capacities when supplied with 90 lb./sq.in.ga. steam pressure. The
capacities range from 2 to 75 gal./min. against heads of from h0 to 50
ft. Specific gravities of the solutions handled range from 1.0 to 2.5
and static suction lifts range from 18 to 22 ft. Individual jet performance
data are included in Table XIV-3.
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The water jet eductor delivers 3 ga.l./min. against a 60-ft. discharge

head of a 1.23 specific gravity solution and a suction lift of 20 ft.
when supplied with water at 100 lb./sq.in.ga. pressure. This jet is.
used to transfer off-standard plutonium solutions to the head end of the
system for rework. The operating water for the jet serves to dilute the
high-concentration plutonium at the same time.

3. Sampler Jets

3.1 Requirements

Sixty-six sampler jets are designed for continuous small-flow
delivery when supplied with 90 lb./sq.in.ga. air pressure. Table XIV-3
lists the characteristics of individual jets.

3.2 Description

Sample jets are provided with 1/2-in. I.P.S. suction, discharge,
and air supply connections. All jets are fabricated from Type 347
stainless steel. Standard jets are employed in this service.

3.3 Performance

Sampler jets have a capacity range from 0.026 to 0.056 gal./min.
against essentially zero discharge head. The specific gravity range of
the solutions is from 0.8 to 1.8.

4. Gas-Transfer Jets

4.1 Requirements

Eight steam jets are employed for gas transfer or exhauster service
and are connected to the vessel vent system and the off-gas stack.
Capacities are listed in Table XIV-3.

4.2 Description

Gas-transfer jets are manufactured by the Worthington Company and
are basically of standard design. All jets are fabricated from Type 347
stainless steel and are designed for continuous operation.

4.3 Operation

Gas-transfer jets range in capacity from 250 to 1600 cu.ft./min.
against from 0.5 to 4.0 lb./sq.in.ga. back pressure. The suction pres-
sures, in inches of mercury, absolute, range from 25 to 28.

5. Variable-Flow Jets

5.1 Requirements

Six special variable-flow jets are used for the transfer of the
HCP, ICU, and 2EU streams from the columns to the steam stripping
sections of the concentrators. Variations in the flow rates are controlled
by the position of the interface in the columns.
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5.2 Description

The jet is a special stainless-steel ejector manufactured by the
Penberthy Injector Company. The discharge capacity of each jet is variable
over a 4-to-l range by regulation of the suction-line throttling valve and
alternatively variable over a 3-to-i range by adjustment of the steam. The
capacity range is from 10 to 40 gal./min. This rangeability is accomplished
by a specially designed precision-machined nozzle and throat section. The

jet is capable of operating at a constant discharge head of 25 ft. with a
variable suction of from minus 3 to plus 21 ft. The jet is designed to
operate with the steam-supply valve open at all times. If the suction
valve is closed temporarily for periods up to three minutes and is then
opened, the jet will start operation immediately.

Figure XIV- is a drawing of the jet.

5.3 Operation

During normal operation, regulation of the suction throttling valve
iq accomplished by the interface controller of the column. Manual setting
of the steam-supply valve permits adjustment of the jet for major changes
in the steam flow.

6. Gang Valves

6.1 Introduction

Gang valves are used to operate the steam jets in the Purex Plant.
One hundred and fifty jets are controlled by means of two-position con-
trollers and one jet, J-F-1, the vessel-vent exhauster, is controlled by
a three-position controller.

6.2 Description and operation

Gang valves consist of four air-operated diaphragm valves (steam, air,
shut-off, vent) operated remotely through a manually operated control
located in the Operating Gallery. The use of automatic-sequence-operated
valves prevents back flow of radioactive solutions into the partial vacuum
created by condensation of steam in un-purged lines.

6.21 Two-position controller

The air controller has a two-position "On-Off" handle. When the handle
is in the "On" position, steam is admitted to the jet. When the handle is
turned to tha "Off" position, the controller automatically adjusts the diaphragm
valves first to an intermediate position and then, after a short period (10
seconds to 1-1/2 minutes), to the "Off" position. The positions assumed by the
four air-operated diaphragm valves corresponding to the manually set position
of the remote air controller are shown below.
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Manual Control Valve No. 1: Valve No. 2: Valve No. 3: Valve No. 4:
Switch Position Steam Air Shutoff Vent

On Open Closed Open Closed

Off (immediate Closed Open Open Closed
action)

Off (10 to 90- Closed, Closed Closed Open
second delay)

Figure XIV-5 shows the operation of the system schematically.

In the "Offt' position the steam, air, and shutoff valves are closed
and the valve header is vented to the Jet Vent Header. When the operating
handle is turned to "On" the shutoff valve and steam valve are opened, the
vent valve is closed and the jet operates. Immediately after the handle is
turned to "Off" the steam valve is closed and the air.valve is opened to
purge the line of steam and prevent condensation and reverse flow of process
solution into the steam line. The position is held automatically for a
period that may be adjusted from 10 to 90 seconds before all valves return
to the normal "Off" position.

6.22 Three-position controller

Jet J-F-1. discharging from the vessel vent system into the vent con-
denser, is regulated by means of a three-position controller providing the
valve action described below. When the switch handle is moved manually
the following events occur automatically:

Manual Control Valve No. 1: Valve No. 2: Valve No. 3: Valve No. 4:
Switch Position Steam Air Shutoff Vent

Steam Open Closed Open Closed

Off (immediate Closed Open Open Closed
action)

Off (10 to 90- Closed Closed Closed Open
second delay)

Air (after switch- Closed Open Open Closed
ing from l'Off"
or tSteamit)

Off (immediately Closed Closed Closed Open
after switching
from "Air")

Figure XIV-5 shows the operation of the system schematically.
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D. AGITATORS

1. Design Basis

Agitators are used in the Purex Plant to mix and blend tank contents,
to promote chemical reactions, and to improve heat-transfer coefficients.
These agitators are designed to provide three degrees of agitation: mild,
medium, and violent, "Mildt mixing is described as a degree of agitation
which causes no disturbance. of the liquid surface other than a swirling
effect. "Medium" agitation is that which causes waves but no breaks in
the liquid surface. "Violent" mixing produces waves, seething, and splash-
ing.

Table XIV-h lists the agitators and process requirements.

2. Description

2.1 Canyon agitators

Figure XIV-6 is a representative drawing of a typical Canyon agita-
tor.

The thirty agitators for the Purex Plant Canyon were manufactured
by Eastern Industries, Inc. The agitators are classified into three
groups on the basis of shaft length as indicated in Table XIV-h. All
agitators are driven by 15-horsepower electric motors except the two one-
horsepower-driven 2AF agitators. The rotational speed of all Canyon
agitators is 600 r.p.m.

The upper end of the agitator shaft passes through the hollow shaft
of a vertical b4O-volt, 6 0-cycle, 3-phase electric motor. The bore of
the motor shaft is precision fitted to the agitator shaft at the top and
bottom ends of the motor to provide a registered fit. This arrangement
insures concentricity and alignment during assembly.

The motor bearings guide the rotating shaft, support the weight of
the agitator and absorb axial thrust developed during operation.

A single labyrinth seal or throttle bushing fabricated from Graphitar
No. 2 serves to restrict the leakage of process vapors and mists from the
tank at the point of emergence of the agitator shaft.

2.2 Non-Canyon agitators

Twenty-nine standard agitators are used in "cold" service in the
Purex Plant. Six of these were manufactured by the Patterson Foundry
and Machine Company, while the remaining twenty-three were manufactured
by the Mixing Equipment Company. Figure XIV-7 is a drawing of a typical
agitator. Specifications for all agitators are listed in Table XIV-4.
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TAB2 XIV-1

CANYON SERVICE PMPS

Pump Solution

P-F-7
P-F-13
P-G-2
P-H-1
P-J-1
P-K-1

P-Gs-1
P-G5-2
P-G5-3
P-G7-l
P-G7-2
P-G7-3

P-F-10
P-Gl-l
P-Cl-2
P-J-3
P-K-6

EN0 3

IOW

HAY
IAF
2DF

Organic
Organic
Organic
Organic
Organic
Organic

Eno 3'OF
IOF
IBXF
U Prod.

P-J-5 2AF

P-B1-*
P-R2 *
P-Ul-l*
P-TI-2*
P-U2-1*
P-U2-2*

20F
20F
20W
HNo 3
HN03
HNo

3
HNo 3

Specific
Gravity

1.52

1.04
1.50
1.50
1.50

0 ;84
.84

0.84
0.84
0.8
0.84

to
to
to
to
to
to

1.6
o.84
0.84
0.96
1.63

1.20

1.6
0.84
1.03
1.37
1.37
1.37
1.37

Discharge
Head,

Group Ft.

1 30
1 46
1 55
1 50
1 51
1 51

1.05
1.05
1.05
1.05
1.05
1.05

3
3
3
3
3

93
93
93
93
93
93

51
21
69
72

108

Flov
Rate,
Gal./
Min.

17
32
25
10
10
10

70
70
70
70
70
70

50
200

70
40

100

Column
Hors.- No. of Pump Diameter, Set
Power Stages Size In. Length Location

6B3
6BS
6BS
6BS
6BS
6BS

6DS
6D5
6DS
6D8
6DS
6S

7BS
7BS
7BS
788
7BS

5
5
5
5
5
5

10
10
10
10
10

9'-2
9'-2
9'-2
9'-2
9 -2
9' -2

13'-41
13'-11
13',-1113 -11
13'-11
13'-11

9'-2
9'-2
9'-2
9'-2
9'-2

3/4"
3/4"
3/4"
3A"
3/4"
3/4"

3/4"
3/"
3/41
374
3/4"
3/4"

3/4"
3/4"
3/4"
3/4n
3/+"

Acid Recycle
Utility Tank
IOW Tank
HAF Feed Tank
IAF Feed Tank
2DF Feed Tank

Acid Accuiulator
IOF Tank
1OF Tank
IB Pump Tank
2EU Sample Tank

4 60 6 3 4 6BS 4 3'-0" 2AF Tank

27
35
41

110
110
110
110

200
30
25
60
60
60
60

10
3
3

10
10
10
10

6
4
4
6
6
6
6

7B3
6BS
6BS
7BS
7BS
7BS
7BS

4
3
3
4
4
4
4

9'-2 3/4"
9'-2 3/4"
6'-7 3/4"

13'-11 3/4"
13'-11 3/4"
13'-11 3/4"
13'-11 3/4"

P-L9 Pu Product 1.17
P-,10 Pu Product 1.17

20F Tank
20F Tank
20W Tank
Recovered Acid Storage
Recovered Acid Storage
Recovered Acid Storage
Recovered Acid Storage

Product Sampler "A"
Product Sampler "B"

"A"
"A"
"'B
"B"

I
Stream

Use Destination

Recycle

Feed
Feed
Feed
Se t F

Solvent Feed
Solvent Feed
Transfer
Feed
Feed
Transfer

Tranfer
Circulation
Feed
Feed
Transfer

Feed

Circulation
Feed
Feed
Feed
Feed
Feed
Feed

#1 Acid Concentrator
Utility Decanter
10 Column
HA Column
IA Column
2D Column

Solvent Header
Solvent Header
ITO1 Decanter
Solvent Header
Solvent Header
ITO Decanter

#2 Acid Concentrator
I0 Tank
10 Column
IBX Column
US Outside Storage

2A Column

20F Tank
20 Column
20 Column
Recovered
Recovered
Recovered
Recovered

Acid Header
Acid Header
Acid Header
Acid Header

Circulation L-9
Circulation L-10

*Denotes pumps where contact maintenance is permissible. Classed as Canyon pumps only because of location. Others are remotely maintained.

NOTE|S:

(1) All shafts are Type 304 stainless steel, 1 inch in diameter.

(2) All columns are Type 347 stainless-steel Schedule 40 pipe.

(3) Group 3 pumps have 3"-diameter I.2.S. discharge lines - all others are 2" diameter I.P.S.I ('a
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C
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TBrn XIi-4

puIE A nbm

Agita
Vessel NumV e

Fe(M 2 O3) 3 Make-Up
Fe(MI03)3 Make-Up
NaNO3 MJks-UpWash Make-Up
XaNO2 Make-Up

Na2CO3 Make-Up
Waste Rework Addition
Utility Addition Tank
kM& Addition
IBK Make-Up Tank B

IDE
2AS
2AS
2a
2PR

Make-Up Tank A
Make-Up Tank A
Make-Up Tank B
Make-Up Tank A
Make-Up Tank B

101
103
104
105
106

107
204
205
206
209

210
211
212
213
214

D2
D3
D4
D5
El

E2A
13
E5
Z6
F3

F4h
F7
F10
F12
F13

716ri6F18
G3A
G5-1

G5-2
J5-1
J3
J5-2
J1

G7-2
GSA
G8
67-1
HI

B
F
C
B
C

5wS
MIA
RjjL4 b)

(b)
Btb)

(b)

RBR8

U1
U2
U3
U14

Concentrate Sampler Tank
Neutralizer Tank
Cell Drain Collection Tank
Chem. Add. to Cant. Feed Tank
ITO Tank A

1TO Tank A
2AF Tank
IB Pump Tank
2AF Tank
IA Feed Tank

ITO Tank B
3TO Wash Feed Tank
ITO Wash Collection Tank
ITO Tank B
HAN Feed Tak

2W Feed Mank
2a Receiver
2W Sample Tank
Decontam. Cell Chem. Add. Tank
Solvent Ble Tank

Centrifuge Spray %Knk
220 Tank A
2T0 Wash Feed Tank
220 Tank B
2T Wash Collection

Recovered Acid Storage
Recovered Acid Storage
Lab. Crib Waste Receiver A
Lab. Crib Waste Receiver B

NOTES:

(a) Location: Building 202-A, except where otherwise noted.

(b) Location: Building 276-A.

(c) Description of agitators by types:

Motor
Agitator Horse- Speed,
Type power R.p.M.

Shaft
Dia.,

angth in

Impellers
No. of

No. of Blades/ Dia., Degree of
Impellers Impeller In. Agitation

A
B
C
D
3

1
15
15

1

600
600
600

1150
1/2 17

F 7-1/2
G 15
H 7-1/2
I 7-1/2

100
100
155
125

3'-O"
131-3 1/2
81-6"
614"
49-6"w

10'-0"
14'-0"
9'-3"

13'-6"

1-1/B
2-1/2
2
i-A
I

2-1/2
3-1/a
2-1/
3-1

4 5-7/8
4 9
It 9
3 6
3 4

2
3
2

2
2
2

7
6
6
6

26
26
18
21

Violent
Medium
Medium
mild
Mild

Mild to Medium
Mild
Medium
Medium

F
D
D
D
D

Coating Waste Tank
Metal Solution Tank A
Metal Solution Tank B
Metal Solution Tank C
Slurry Tank

Chem. Add. To Cent.
Centrifuge Feed Tank
Centrifuge Catch Tank
HAF Make-Up Tank
HM0 3 Sample Tank

EO 3 Receiver Tank
Acid Recycle Tank
Acid Accumulator Tank
Concentrate Rec. Tank
Utility Tank

Vesnal
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CHAPTER XV. REMITE OPERATION AND 1AINTENANCE

The high radiation levels prevailing in much of the Purex Plant
necessitate interposition of massive shielding between personnel and process-
ing areas. Routine operation and. maintenance are carried out in many cases
with no access to the process equipment. Instrument control, discussed in
Chapter XVII, is extensively used. Methods of remote sampling of process
streams, for laboratory check on instrument control, are discussed in
Chapter XVIII. The methods and equipment used in performing remote opera-
tion and maintenance (except process-control instrumentation and sampling)
are the subject of the present chapter.

A. PRINCIPLES OF REMOTE OPERATION AND MAINTENANCE

Process equipment located in the Canyon has been designed in so far
as possible to give trouble-free service and to require a minimum of
maintenance and attention. However, it is recognized that it may become
necessary to remove, revise, or replace certain pieces of equipment. In
compliance with these and other process needs a shielded Master Crane and
a non-shielded Slave Crane have been provided.

Remote connectors and tie-down nuts, operated by an impact wrench
hung from the Master Crane, provide means of remotely handling equipment,
process lines, and electrical lines. Cell jumper lines connect process-
line nozzles mounted on the walls to the equipment,

Equipment, once removed from the cell by the cranes, can be taken to
the Railroad Tunnel for removal to the burial grounds or can be taken to
the Decontamination Cell, Hot Shop, or Regulated Shop for any necessary
decontamination and repairs.

In addition to the areas of remote operation in the 202-A Building
Canyon, two diversion boxes, located outside the building, require remote-
operating techniques, Radioactive process solutions may be routed out-
side the 202-A Building to the proper tank farm, tank, or crib through
these diversion boxes, Jumpers in the boxes are changed remotely to route
solutions through the proper lines.

B, CRANES

The remote-maintenance cranes (Master Crane and Slave Crane) located
an the Processing Building (202-A) Canyon are depicted in perspective in
Figure XV-1. A general description of these cranes follows,

1. Master Crane

'The Master Crane is provided to do the majority of routine remote work
involving vessels, rotating equipment, pipe jumpers, cell cover blocks, and
to perform the process function of charging the dissolver. This crane per-
forms all duties requiring impact wrenches, grabbers, and viewing aids.
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The bridge of the Master Crane spans two rails 54 feet apart and
located 26 feet above the Canyon deck. The bridge is electrically driven
and can travel the length of the Canyon at speeds from 2 to 160 ft./min.
A 40-ton hoist, a 10-ton hoist, two 1-ton hoists, and two 1/2-ton hoists
are suspended from the bridge. The 10-ton hoist is mounted on the main
40-ton hoist trolley, and each of two monorail trollies hung under the
girders has a 1-ton and 1/2-ton hoist,

Movements of the crane are controlled from a totally enclosed steel-
shielded cab which travels behind a concrete parapet wall.

Crane operations are observed from the cab by means of two variable-
power binocular-type periscopes mounted on either side of the crane bridge,
Powers of 3/h, 2-1/2, and 5, with corresponding vision angles of 68o, 250,
and 12,50, respectively, may be selected by the operator, The objective of
each periscope may be moved across the Canyon and rotated about its axis to
permit increased vision,

Also available are two closed-loop color television systems with
12-inch viewing screens to aid in remote maintenance. The television
cameras are mounted on special tilting pedestals and supported, one under
each bridge girder, by the 1/2-ton monorail hoists.

Constrasting colors and numbers are used to aid in visual observation
from the crane cab. The walls, cell covers, and floors are white; the stain-
less-steel vessels and piping are unpainted; carbon-steel structural work,
jumper braces, and vessel supports are grey; numbers, wall edges, and jambs
are black; and hook guides, connector nuts, skirts, and a band around the cell
blocks are yellow.

The cab is ventilated by an air-conditioning system designed to keep
the temperature between 70 and 80oF. and to change the air in the cab 10
times per hour. A separate blower circulates cooling air over the motor-
generator sets on the bridge,

2, Slave Crane

The Slave Crane has been provided to assist the Master Crane for
those operations in which two cranes are required for removal of extra-
tall equipment (e.g., the 2A Column, as discussed under Fl, below), and
to perform maintenance operations over areas where radiation levels are
low. While assisting the Master Crane in "hot" maintenance work, the
Slave Crane is controlled from the cab of the Master Crane. When the
Slave Crane is used for low-radiation-level remote-maintenance work,
it may be controlled from its own cab,

The Slave Crane is a standard industrial model, with one 40-ton
hoist. The crane is located on a track 18 feet above the rails of the
Master Crane in such a manner that it can pass over the lower crane as
long as the 40-ton hoist hook is at its highest position. The Slave
Crane has.bridge speeds of from 2 to 160 ft./min., and it is free to
travel the full length of the canyon.
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The height of the Slave Crane places its cab above the concrete wall
used to shield the Master Crane cab. Since the Slave Crane is only operated
from its own cab for low-radiation-level work, sufficient radiation protection,
notably from air-borne contamination, is provided by the cab walls and shatter-
proof glass windows. These windows give the operator a direct view of the
work below and no special viewing aids are required.

A blower, supplying filtered air, ventilates the cab. The blower has
a capacity sufficient to maintain a pressure inside the cab, 0.25 inch of
water higher than outside, while producing 10 air changes per hour, The
cab exhaust air passes over the motor-generator sets to cool them,

3, Hooks and Hoists

All, hooks have three directions of movement. The bridge travels
lengthwise through the Canyon, the trolleys travel across the Canyon,
and the hoists travel vertically. Hook throat dimensions, hoisting speeds,
and trolley speeds are as follows:

Hook flata

Rimber of Capacity, Hook Throat, Trolley Speed, Hoisting Speed,
Crane Hoists Tons Inches Ft.,/Min. Ft./Min,

Master 1 40 6-3/4 1 to 50 1/6 to 8
10 2-7/8 1 to 50 1/2 to 50

2 1 -- 1/2 to 25 1/2 to 28
2 1/2 -- 1/2 to 25 1/2 to 28

Slave 1 40 6-3/4 1 to 25 1 to 22

The 1-ton west hoist has a special hook designed with the throat opening
away from the crane operator, All others open towards the operator.

4. Power System

The power supply and communication leads are brought to the crane
through "L"-type collector shoes in the cabway and supply 440-volt three-
phase current to the crane.

The cranes are powered by Amplidyne variable-voltage variable-speed
direct-current drive systems, which provide high torque at low speed.
Each driving motor with the exception of those operating the monorail
trolleys under the Master Crane has a separate motor-generator set. One
motor-generator set supplies the power for both monorail trolleys, Both
trolleys cannot be used at the same time.

The lights on the Master Crane have been sized to provide an intensity
of 150 ft.-candies on a 40-ft.-wide plane 50 ft. below the bridge, This is
accompJished by using sixteen 1500-watt lamps under the main trolley hoist,

The Slave Crane has four 1500-watt lamps under the trolley.
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5, Operation

Process functions and remote maintenance require the Master Crane
to operate almost continuously. The Slave Crane is operated only when
the radiation level is low enough for an operator to work in the unshield-
ed cab or when both cranes are controlled from the Master Crane cab, When
both cranes are controlled from the Master Crane an electric cable allow-
ing 75 feet between cranes is plugged into a receptacle on the Slave Crane,
This cable carries the circuits which allow the operator in the Master
Crane to control the Slave Crane. While remotely controlled, the Slave
Crane has one speed for trolley and hoist travel, the slowest for each
direction (1 ft./min.), and two slow speeds for crane bridge movement,
The bridge movement speeds will be adjusted in the 202-A Building Canyon
after installation at values which will allow the operator in the Master
Crane to have good control over the Slave Crane,

Both cranes have limit switches to prevent bridge, trolley, and hoist
overtravel. Rail stops are also provided on bridge and 'trolley.

A short section of runway conductors near the Railroad Tunnel allows
the operator in the Master Crane to control a car puller, The car puller
moves railroad cars in the Railroad Tunnel to the desired position. A
second control station for the car puller is located at the track level
in the tunnel.

An intercommunications system (speaker and receiver) is mounted on the
console of the Master Crane cab allowing voice-communication between this
point, the Dispatcher's Office, and the Railroad Tunnel. A wall-type dial
telephone is mounted on the cab wall and connected into the building tele-
phone system by means of collector shoes and trolleys, The microphone of
a public address system is in the Master Crane cab. The system's two speak-
ers are located on the crane bridge.

C. REMOTE CONNECTORS

1, Function

A remote connector is a device for joining process piping, auxiliary
lines, or electrical conduits by a single operation performed with an impact
wrench operated remotely from the Master Crane.

2. Description

A connector consists of a fixed male and removable female joint held
together by three latches. A drawing of a three-jaw pipe connector is
shown in Figure XV-2. The latches,' adtnated by a screw with a rotating
hexagonal nut, grasp or release aflange on the fixed portion of the
connector, The hexagonal nut on all remote connector screws is 2 inches
across the flat face so that one upact wrench will fit all connectors.
An impact period of 10 to 20 seconds is generally sufficient to apply the
torque required to tighten pipe connectors. Tightening of electrical
connectors is almost instantaneous (impact time of less than 2 seconds).
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2.1 Pipe connectors

Pipe connectors are installed either in a vertical or in a horizontal
position, depending on the stationary portion of the cell piping to be
connected. Vertical and horizontal connectors are identical in construction.
The connectors are made to join 1/2, 2, 3, and 4-inch I.P.S. pipe. Three
1/2-inch IP.S. pipes are joined simultaneously by one connector while
2, 3, and 4-inch I.P.S. pipes are joined individually, Contact between
the two halves of the connectors is made at spherically ground mating faces.
The surface of the male half is Type 347 stainless steel faced with a layer
of Stellite No. 6. To provide a good seal, the female mating surface is
provided with a Teflon gasket held in place by a retaining ring,

2.2 Electrical connectors

Electrical connectors, constructed of Parkerized carbon steel, are similar
in principle to the pipe connectors, except that the mating faces of the two
halves are provided with a close-fitting joint surrounding spring-loaded
electrical contacts. The flanged joint is arranged to shield against possible
overhead leakage into the connector while vent holes located on the bottom
allow any condensation to escape.* One-inch-diameter conduit with No. 10
gage solid wire is used, except in a few special cases, in all electrical
jumpers.

D. SPECIAL TOOLS

1. IMact Wrench

Electrically driven, reversible impact wrenches are used to make and
break remote connections and to rotate remote hold-down nuts on tanks,
columns, and other equipment. The wrenches can be attached to the 1/2-ton
monorail hoists and can be operated either horizontally or vertically by
changing the point of suspension, This is accomplished by lowering the
wrench to the floor and sliding the suspension hook along the handle to a
new position. A positioning device prevents the wrench from turning during
operation by engaging with a connector catch or special stop. The electric
line leading to the motor of the impact wrench is provided with a quick-
disconnect electrical coupling so that other equipment such as hooks may
be attached to the hoist. he wrench, shown in Figure XV-3, is driven
through a train of gears, coupling balls, lugs, and springs by a rever-
sible 3/4-horsepower electric motor. The motor applies a steady torque
through lugs located on both the anvil and the hammer until a torque of
400 to 500 ft.-lb. is exceeded, When this torque is exceeded, the lugs
raise the hammer compressing the hammer spring. As soon as the hammer
lugs slide over the anvil lugs, the spring forces the hammer down and drives
it against the next pair of anvil lugs delivering a sharp blow, which is

*) The electrical connectors in the Purex Plant are built to standard
specifications of the National Electrical Code. They differ from
the Redox-Plant electrical connectors, which are built to explosion-
proof (Class 1, Division 1) standards because of the lower flash
point of the Redox solvent.
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transmitted to the nut. The wrench operates in either direction by reversing
the motor rotation. Loose nuts, when removed from studs holding equipment
in place, are retained in the socket of the impact wrench by a snap ring
until they can be placed on dummy studs for future use.

2, Grabber

The grabber is a clam-shell bucket device for handling small pieces of
equipment that cannot be picked up with crane hooks.

The tool is powered by a reversible fractional-horsepower electric
motor that rotates a threaded shaft, which in turn opens or closes the
bucket jaws. The lips of the jaws are used to grasp loose nuts and other
small items, Pipe may be gripped in semicircular notches cut in the sides
of the bucket jaws. A single pair of semicircular jaws are attached to
one side of the bucket for handling vertical pipe,

E. DIVERSION BOXES

1. Function

Diversion boxes are provided to congregate liquid process waste lines
in a central location for convenience in changing piping routings (without the
use of valves), adding new lines, detecting leaks at junctions, and to reduce
duplication of piping.

2, Description

The diversion boxes, 241-A-151 and 241-A-152, are concrete pits
set in the ground with one foot and two feet, respectively, of concrete
structure above the grade level. The section of each diversion box
containing nozzles and jumpers is covered with concrete cover blocks
which can be moved by a mobile 'crane.

Diversion Box 241-A-151 has three sections. The west section contains
inlet piping, the center section contains nozzles and jumpers, and the east
section contains outlet piping. An isometric drawing of this diversion box
is shown on Figure XV-4.

Diversion Box 241-A-152 is divided into two sections. One section
contains nozzles and jumpers and the other section contains piping to
and from the nozzles. The inlet nozzles are connected to the upper two
layers of piping.

2,1 Diversion Box 2l-A-151

This box is located on the south side of the Processing Building
(202-A). Liquid process waste lines from the 202-A Building are routed
through this box to Diversion Box 241-A-152 for further rerouting and
also to Cribs 216-A-2 and 216-A-4.
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Leakage fro m jumper connections and piping is collected in a catch
tank located near the diversion box, The contents of the catch tank can
be jetted back to the diversion box and routed to the line required by the
process operation, Jetting is not automatic and daily checks are required
on the catch-tank liquid level.

Exit-line nozzles are located in the wall and floor. Ten spare stubs
have been provided in the diversion box for future use, Two of these are
for coating-waste lines and the remainder are for outside facilities such
as cribs.

2.2 Diversion Box 241-A-152

Diversion Box 241-A-152, located near the 241-A Tank Farm, distributes
process waste to the proper-tank in the farm and also to various cribs, In
case of leaks in the piping or jumper connections, conductivity probes sound
an alarm in the Tank Farm Control House and Dispatcher s Office. When the
leakage reaches a certain level in a sump, it is syphoned automatically to
a small crib,

Five spare stub lines have been provided in this box for future tank
farms. All nozzles in the box are mounted on one wall, one layer above the
other,

F. REMOVAL AND REPAIR OF OTHMIT EQUIPENT

1. Removal of Equipment

Equipment removed from the 202-A Processing Building Canyon area for
repair, inspection, or disposal, is replaced rapidly to maintain as near
continuous operation as possible. Because of the high cost in time and
money to decontaminate eouipment prior to repair work, it is frequently
economcally advisable to install new equipment instead of repaired
equipment, When disposal of a contaminated equipment piece is required.
it is normally placed in a wooden box partially filled with sawdust, taken
to the Railroad Tunnel, and mounted on flatcars for transportation to
desert burial or, disposal-areas, -

Equipment from the 202-A Building Canyon area is removed remotely by
the Canyon cranes. The high location of the Slave Crane permits it to
bandle any equipment piece with one lift, except the 41-foot 2A Column.
To remove this assembly both cranes work together, first tilting the
column and then moving it down the Canyon in a horizontal position to
the Railroad Tunnel for disposition.

2. Decontamination and Repair Facilities

Maintenance areas are provided at the west 'end of the Processing
Building to decontaminate, inspect, or repair thott equipment after removal
from the Canyon, Tanks, pumps, agitators, and other pieces of equipment
are moved first to the Decontamination Cell and then to the Hot Shop or to
the Regulated Shop depending on the degree of residual contamination and
the repair work necessary,
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2.1 Decontamination and Pool Cell

The Decontamination Cell is arranged to allow Canyon equipment to be
placed in it for decontamination or storage. The cell can be serviced by
either the Master or the Slave Crane. A Pool Cell located in the north-
east corner of the Decontamination Cell is used to decontaminate and store
tall highly contaminated equipment, The floor of the Decontamination Cell
is stainless steel with an 8-inch-high flashing around the walls. The
cell is equipped with electrical outlets and piping to supply breathing
air, compressed air, steam, and decontamination solutions, A tank to flush
and decontaminate rotating equipment is located in the cell,

An access doorway is provided between the Decontamination Cell and the
adjacent Hot Shop.

2.2 Hot Shop

The east one third of the Hot Shop is accessible from the Canyon,
Partially clean equipment from the Decontamination Cell may be lifted
into the shop by either Canyon crane for contact maintenance work or
further decontamination, The remaining portion of the Hot Shop is covered,
A 1-ton jib crane and a 1-ton monorail crane service the covered area.
The monorail crane runs the length of the covered area, through air locks,
and into the Regulated Shop,

A 20-ft.-diameter shielded tank for pump and agitator work and a
centrifuge test stand are located in the open area. Canyon cranes are
used to move equipment to and from both of these test stands. The covered
area contains racks to store one of each size or type pump and agitator used
in the Canyon.

The Hot Shop, Regulated Shop, and Crane Maintenance Area are equipped
wIth welding and electrical outlets. Oxygen, acetylene, compressed air,
and argon are manifolded to each area from the main maintenance area.

Access to the Hot Shop is from the Regulated Shop through air locks.

2.3 Regulated Shop

The Regulated Shop is a maintenance area for work on equipment which
has been decontaminated and disassembled in the Hot Shop. The tools
necessary for simple repairs are available but no fabrication is done
in this shop.

This area has a welding machine, electric grinder, drill press, and
a test stand for valves, steam traps, and rotameters.

A monorail crane runs the length of the shop and connects to the
monorail in the Hot Shop.

The shop is accessible from the Canyon Lobby through a corridor.
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2.4 Crane Maintenance Platform

The Crane Maintenance Platform is used only for repair and routine work
on cranes, It is a platform that extends across the Canyon on the west end.
A bench for work on crane motors and other equipment is installed on this
platform, As a maintemnce aid, a cross-building monorail hoist is installed
in the raised section of the roof directly above the maintenance platform.
This hoist services both cranes.

REF ERENCES

(1) BPF 7476

(2) BPF 7378

(3) BPF 7323

(4) BF 7768

(5) H-2-55101

(6) H-2-55952

Pipe Cojnectors

Electrical Connectors

Manning, Maxwell and Moore, Inc. Crane

Inpact Wrench

Diversion Box 241-A-151 Piping

Diversion Box 214-A-152 Piping

a

S

0



d0x.

a r

z3

0- -

zt

. 0
- 7 --

- -t

'3 --

\ P\ -

01_ _

0'

ar



S

ACTUATING SCREW

LATCH YOKE
LATCH GUIDE
LATCH
SCREW RETAINING WASHER
CONNECTOR BLOCK
PIPE NIPPLE

0

5 TEFLON GASKET
9 GASKET RETAINER RING
10 STELLITE *6 MATING FACE
11 CONNECTOR NOZZLE
12 POSITIONING GUIDE
13 KICK PLATE

- ---- --- -- - - --

----------------------

FIGURE XV-2
THREE-JAW PIPE CONNECTOR, VERTICAL MOUNTING FRO4 DWG NO.

0

I

1



a FIGURE XY-3
IMPACT WRENCH

I HW-31000

BPF 7768

82

OVER-ALL DIMENSIONS

LENGTH: 25j", SOCKET TO
HANDLE.

WIDTH: 17 ", PIVOT PIN TO
HANDLE.

LEGEND
I . }H.P EXPLOSION-PROOF MOTOR
2. HANDLE
3. SUSPENSION DEVICE
4. SUSPENSION DEVICEALTERNATE POSITION
5. DRIVE GEAR
6. IDLER GEAR
T. DRIVEN GEAR
B. PIVOT PIN

I8 9. PINION SHAFT
10. PLANET GEAR
II. PLANET-GEAR HUB
12. HAMMER SHAFT
3. COUPLING BALLS

19 14. HAMMER SPRING
15. HAMMER
16. ENGAGING LUGS
IT. ANVIL
iS. SOCKET
19. SOCKET SNAP RING

20. POSITIONING DEVICE



FIGURE X-4

DIVERSION BOX

241- A -I51

0
C
C



160 HW-31(qU

PART III: PLANT AND EQUIPEENT, continued
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CHAPTER XVL CONSTRUCTION MTERIALS AND PROTECTIVE COATIMS

This chapter indicates the materials of which the Purex Plant and its

process equipment are built and reviews the most important of the special

corrosion and chemical and radiation stability problems.

A. COlETRCTION }ATERIAIS OF TH PUREX PTANT

The materials of construction selected for the Pares plant were chosen

because of their resistance to the corrosive attack and radioactivity of the

process solutions and their ability to perform 
their intended function at a

reasonable cost.

Steel-reinforced concrete has been used for the processing equipment

enclosure cells, the cell covers, the various trenches and tunnels in the

Processing Building (202-g the Canyon walls and other, siilar items, 
where

radiation attenuation anu structural strength 
are of prim concern. Where

the concrete surfaces may possibly be exposed to radioactive 
materials, pro-

tective coatings have been employed to prevent the permanent contamination

of the concrete.

Process equipment pieces that contact radioactive or acidic 
materials

are constructed of nitric-acid-resistant stainless steels.

Carbon steel has been used for structural purposes such as tank and

equipment supports, pulse-generator enclosure boxes, jumper bracing, counter-

weights, lifting bails, etc. Some of the piping carrying non-process solu-

tions, such as that for cell fire-fog systems and wash-down systems, is also

constructed of carbon steel. Wjhere mild-steel structural work is exposed to

potentially contaminated or acidic environments, protective coatings have

been employed to prevent corrosion of the metal and to aid in the decontami-

nation of the object.

Non-metallic materials occupy a small but important position 
in the list

of construction materials used in the Purex Plant. Graphites have been used

for process pump bearings and liuid throttle bushings, process agitator

vapor throttle bushings, and pulse-generator piston 
rings. Teflon has been

utilized as a gasket material where chemical inertness 
and temperature re-

sistance are of prime importance. The perforated plates of the 0 and C-type

columns and the Raschig rings of the 2A Column are manufactured of 
fluorothene

to achieve desirable column performance.

Protective coatings have been employed to prevent the corrosion and

contamination of carbon-steel and concrete surfaces, to aid 
in the decon-

tamination of structures and to increase (by use of contrasting colors) the

visibility within the cell enclosures. The protective coatings used are

those which have been shown to be the most resistant to nitric 
acid and to

organic solvent environments.
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In general, the materials of construction of the Purex Plant are
not unlike those of many modern chemical processing plants which handle
nitric acid solutions or organic solvent solutions. However, there
are some problems involving the corrosion properties of stainless steels
and chemical and radiation stability of plastics and protective coat-
ings employed in the Purex Plant which call for special consideration.
Review of these problems is the subject of the following sections.

B. STAIN[ESS STEEL

1. General

Because of the corrosive nature of the majority of the process solu-
tions of the Purex Plant, all of the process equipment pieces and pipe-
lines that contain or contact process solutions are constructed of
nitric-acid-resistant stainless steels. Although the vast majority of
the stainless steel used in. the Plant is Type 304L, several other types
are used where the corrosive conditions involved and the required prop-
erties indicate superior service from a particular alloy.

Types 302, 303, and 304 stainless steels have been used for nuts,
bolts, studs, set screws, pump shafts, agitator shafts, and similar ob-
jects which require strength, machinability, and corrosion resistance
to process solutions. Objects fabricated from these alloys were used
where no welding was required for installation, Pieces that were
installed without welding in locations where they would be exposed to
a corrosive atmosphere but not to corrosive liquids, e.g., flange
connector nuts, studs, and guide dowels, are of Type 14. "Cold"
process equipment, such as pump and agitator parts that contact pro-
cess solutions are constructed of Types 347 and 30. Type 304L is
used for all of the process tanks, concentrators, condensers, solvent-
extraction columns, process pipelines, transfer jets, similar objects
that cannot be heat treated after welding, and all field-welded objects.
In some approved instances Type 347 has been substituted for the specified
30L, particularly where no welding or only a limited amount of welding
was involved and where the corrosive conditions are not too severe. In
other approved instances, where the corrosive conditions are not too
severe and where quench annealing was possible after welding, Type 304
has been substituted for Type 30tL.

The choice of Type 301L for the bulk of the stainless steel to be
used in the Purex Plant was not made solely on the basis of its corrosion
resistance to particular process solutions, as other materials such as
Type 329, Type 309 SCb, Carpenter Alloy 20, Duriron, titanium and tan-
talum have, own as good or better corrosion resistance to certain process
solutions. ( The choice of 304L was made, however, on its over-all
performance under Purex-Plant conditions, its reliability, its availa-
bility at the time of construction, and its initial cost.
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Thntalum, although untouched by even the most severe Purex corrosives,
was generally considered too expensive to be justified even for special
applications.

Titanium, likewise extremely resistant to process solutions, is an
expensive newcomer in the field of corrosion-resistant metals. It has not
been employed in the Purex Plant because the knowledge of its behavior is
limited. (Titanium in certain nitric acid solutions is reported to be
subject to unpreditable,violent explosions.)

Type 309SGb is superior to 304L for general Purex service if a good heat
of 3098Gb is obtained; however, due to the complexity of the alloy, heats
are seldom reproducible, and a bad heat falls far short of the performance
of 30L. Due to the large amounts of the scarce alloying metals required
in Type 3093Gb, its availability at the time of construction was limited
and its price was high.

Carpenter 20 alloy will perform as well as 30L in certain Purex solu-
tions, but for general Purex-Plant service its corrosion resistance is less
than that of 304L.

Type 329, another newcomer to the corrosion field, surpasses 304L in
certain Purex solutions. However, it is a ferritic alloy (more than 80%
ferrite) and very little is known about the general behavior of ferritic
alloys in nitric acid solutions.

Duriron, superior to 304L from a corrosion standpoint in some Purex
solutions, is so brittle and glass-like that its use as a material of
construction for remotely handled equipment was not considered feasible.

Type 304L has certain properties that make the alloy superior in some
respects to some of the higher-alloyed metals. Its simple composition
yields consistently more homogeneous heats than is possible with the
complex alloys, which results in more uniform corrosion and an absence of
local 'pitting't and "pin-hole" failures, Compared to the niobium-stabi-
lized steels, such as 309 Sb and 347, it is rare for 304L to exhibit the
phenomena of "weld-crater corrosion", "stress-corrosion cracking", "star
cracking", or "knife-line attack".

2. Welding of Stainless Steel

'he integrity of welded objects subjected to corrosive conditions is
only as good as the weakest point in the fabrication of the items. In
general, the weakest point in the construction of a vessel lies in the
welds, since quality control of welds is more difficult to maintain than
it is in the manufactur of the plates, pipes, and structural pieces that
go into the building of the vessel. For this reason considerable care
must be taken in choosing welding materials and methods when corrosion-
resistant stainless steels-are to be welded.
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Type 347 weld rod has been used fairly successfully for a number
of years to weld acid-resistant stainless steels, However, in recent
years Type 308L has been shown to have outstanding quali ieq as a
weld metal for nitric acid service. Laboratory results U ) and a
limited amount of field experience indicate that Type 308L weld
deposits are less susceptible to stress-corrosion cracking", "weld-
crater corrosiont and "knife-line.corrosion' than are the niobium
stabilized Types 3095Gb and 347. Carbon picked up in the weld
during the welding procedure from carbonaceous oils, paints, and
other contaminants at the weld area has generally not been found to
be any greater a problem with 308L weld deposits than with the car-
bide-stabilized 347 or 3095Gb weld alloys.

The stainless-steel vessels in the purex Plant are welded with
Types 308L and 347, Both the coated-rod and the inert-gas-shielded-
rod techniques were used. Type 347 weld alloy has been used for
fabricating all parts of all critical vessels such as the large
concentrators, the Nitric Acid Absorber, the Dissolvers, the Dis-
solver Towers, and the Silver Reactors, (To obtain some field
experience with 308L weld alloy, one exception was made, and some
of the tube bundles for the large concentrators have been welded
with 308L.) Field welding was accomplished with both Types 347
and 308L rod. Type 308L was used for welding most of the non-criti-
cal vessels.

3. Corrosion Phenomena

3.1 End-grain corrosion

Metals generally pick up a certain amount of impurities while
in their molten condition. These inclusions generally are spherical
in ingots or other cast objects, When ingots are rolled or are other-
wise worked into plates, sheets, pipes, and other shapes, these
spherical inclusions are deformed into stringers or laminar, pancake-
like shapes, elongated in the direction of working. Under certain
corrosive conditions, stainless steels have shown greater corrosion
rates on surfaces that are perpendicular to the direction of working,
such as the ends of pipes or plates, where the ends of these stringers
and laminar inclusions are exposed, than on the surfaces parallel to
the working direction. The phenomenon has been termed tend-grain
corrosion" and any process, such as welding or solution annealing,
which allows the elongated iTpurities to re-form into spherical shapes,
helps to reduce the corrosion rates to normal.

3.2 Knife-line corrosion

Welded stainless steels, particularly those containing niobium,
e.g., Types 347 and 3098Gb, under severe corrosive conditions show a
marked increase in corrosion rates in a narrow area immediately adjacent
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to the weld metal. Corroded specimens exhibit thin cracks that follow the
edges of the welds and have the appearance of being scored with a knife
blade. Corrosion of this type has been termed "knife-line corrosiontt.

3.3 Weld-crater corrosion

Iten a weld bead is being steadily laid down with an electric arc
welder, the weld metal and the parent metal surrounding the weld cool
relatively slowly as they are kept hot by the slowly receding molten area
under the arc. However, when the arc is broken and the bead is terminated,
the pool of molten metal that remains at the last point of welding has no
such gradually diminishing heat source and consequently cools more rapidly
than any of the weld in the steadily laid-down portion. The metal in this
termination pool, which generally has the shape of a tiny crater, exhibits
a considerably different crystal structure from that of the remainder of
the weld. Under certain corrosive conditions, stainless-steel welds show
corrosion rates at the points of weld termination many times greater than
that of the weld as a whole. This type of corrosion, termed "weld-crater
corrosion", is most frequently noticed in weld metals containing niobium
as a stabilizing agent, as in Types 347 and 309SCb.

3.4 Crevice corrosion

Intense attack in corrosive solutions is often observed in a deep,
thin crevice between the adjacent parts where two metal surfaces touch or
nearly touch. Such a condition exists where pipes are laid onto flat
tank bottoms. Crevices are also formed when tubes are rolled into their
tube sheets or are welded on only one side of the tube sheet.

Because of the stagnation of solutions within the crevice, solutions
are concentrated within the crevice and are not replaced with the more
dilute process solutions. This circumstance leads to the development of a
small concentration cell, with the crevice becoming anodic to the surrounding
surfaces and results in electrochemical corrosion within the crevice. Corro-
sion generally progresses until the crevice has been enlarged so that sur-
rounding solutions can circulate freely through the area and eliminate the
concentration gradient.

"Crevice corrosion" may be prevented by a number of fabrication and
design methods, such as avoiding contact between plane and curved surfaces
by welding the lips of crevices together or by enlarging the crevice suffi-
ciently to assure liquid circulation.

3.5 Stress-corrosion cracking

High stresses are created within a metal when it is deformed beyond its
elastic limit by bending, drawing, or punch forming. Cooled welds likewise
contain such Itlocked-uptl stresses. Under extreme conditions tiny hairline
cracks will be observed-in the areas of high stress. However, with some
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materials a stressed specimen which originally shows no cracking will
show stress cracks after exposure to certain corrosive conditions,
Knowledge of this phenomenon is limited, but all metals exhibit it to
a certain degree with some corrosives. Type 347 stainless steel is
subject to this type of attack by Purex-process solutions, while Type
304L is relatively unsusceptible to it.

4. Equipment Presenting Corrosion Problems

The majority of the stainless-steel equipment pieces such as tanks,
solvent-extraction columns, condensers, and pipelines are not expected
to exhibit any undue corrosion under normal operating conditions. How-
ever, certain equipment pieces such as the large concentrators, the
Nitric Acid Absorber, and the Nitric Acid Fractionator are more suscep-
tible to corrosion attack.

4.1 Large concentrators

The Canyon contains five identical large concentrators (described
in Chapter XII) for the concentration of uranium streams, for the reduc-
tion of the volume of the aqueous waste, and for the recovery of nitric
acid from the waste streams. These pieces of equipment are fabricated
entirely of Type 304L stainless steel and are welded with Type 347 alloy,
except some of the tube bundles which are welded with 308L alloy,

The Acid Concentrators are expected to operate with about 40% nitric
acid. in the bottoms and with about 12% nitric acid on the bubble trays,
No chloride accumulation is expected on the bubble trays and the bulk
of the chloride entering with the feed is expected to be concentrated
and removed with the bottoms, Under these conditions laboratory work
has indicated that a corrosion rate of approximately 0.001 inch per
month can be expected for those portions of the vessel shell that are sub-
merged in the boiling liquid, and 0.0002 inch per month for those portions
that are exposed to the vapors,ill) These figures apply with fair assur-
ance for the parent-metal (or wrought) portions of the vessels, predic-
tions of the corrosion rates of the welds and weld areas being subject
to wide variations, depending on the technique and care used in welding,
as well as on the weld alloy employed.

The corrosion rates of stainless steels have been found to be a
function of the metal temperature. Heat-transfer surfaces operating
with temperatures higher than the surrounding liquid exhibit higher
corrosion rates than surfaces that are in thermal equilibrium with
the corrosive liquid.(4) Thus the wrought structure of tne heat-
exchanger bundles in the Acid Concentrators can be expected to show
corrosion rates of about 0.009 inch per month when operated with a
steam temperature of 12500., 0.010 to 0.017 inch per month at 1450 0.
or about 0.020 inch per month at 16500., compared to approximately
0.001 inch per month for the submerged portion of the shell which
operates at about oo, (4)
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Several features intended to extend the life of the tube bundles by
protecting the weak spots of the units have been incorporated into the de-
sign of the concentrator heat exchangers. To eliminate the possibilities
of "knife-line attack", to which welded and drawn pipe is susceptible,
extruded 30j tubing was used for the heat-transfer tubes. The heat-transfer
tubes are 1/8 in, shorter than the outside dimensions of the tube bundle,
resulting in the ends of the tubes being recessed into the tube sheets 1/16
in. The tubes were welded to the tube sheets on the open side using an
inert-gas-shielded tungsten-arc process. No filler rod was used in welding
the tubes to the tube sheets; instead, the 1/16-in, shoulder of the tube
sheet that prbjected beyond the ends of the tubes was melted and fused to
the end of the tube itself. This procedure (opposed to fillet welding of
projecting tubes) eliminated the possibilities of weld corrosion failures
stemming from filler-rod weld metal, and it also sealed over the ends of
the tubes, thereby eliminating an opportunity for "end-grain corrosion" to
which Type 304L is susceptible. To protect the tube-to-sheet welds further,
the tube sheets are 1-1/2 in. thick which reduces the heat transfer through
the tube sheet, resulting in lower skin temperatures at the weld areas and
consequently lower corrosion rates,

The uranium concentrators are expected to operate with about h% nitric
acid in the bottoms and from about 0% nitric acid on the upper bubble-cap
tray to about 1% on the lowest tray. The balk of the ch2oride ion enter-
ing with the feed is expected to be removed with the bottoms liquid and
no chloride accumulation on the bubble trays is anticipated. Under these
conditions, laboratory results indicate that the corrosion rates of the
shells of the vessels, both in the vanor phase and the liquid phases, will
be less than 0.0001 inch per month.(0 Average corrosion rates on the
heat-exchanger tubes are expected to be on the order of ten times this
value.

The bubble-cap trays of the uranium concentrators are expected to
operate with solutions ranging from 0% to 1 in nitric acid, and the corro-
sion rate, both in the liquid and vapor, is expected to be on the order of
0,0001 inch per month, or less.

Laboratory tests have shown that the corrosion rate of Type 304L is
about 0.0001 inch per month in boiling nitric acid solutions of the strength
handled on the Waste Concentrator bubble trays.(16) However, due to end-
grain corrosion and vapor-velocity effects, the corrosion rate of the rtsers
and bubble caps is expected to be on the order of 0.001 inch per month. 3)

To minimize "crevice corrosion" that has been observed to occur between
the vapor risers and the bubble trays, the risers were inserted 1/8 in. into
the 1/4-in.-thick trays and welded from underneath using a tungsten arc and
no rod, i.e., the 1/8-in, shoulder of the tray supplied the filler material.
Using this method, fusion between the riser and the tray extends to the
upper side of the tray, eliminating the crevice between the two and the
resulting "crevice corrosion". Welding in this manner is also expected to help
stop "end-grain corrosion" at the lower ends of the risers.

m a
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4.2 Nitric Acid Absorber

The Canyon contains a Nitric Acid Absorber (described in Chapter
XIII) which may also be operated as an atmospheric-pressure nitric
acid fractionator* for the concentration of nitric acid recovered
from the waste by the Acid Concentrators. This unit is fabricated
entirely of 30L stainiess steel and is welded with 347 alloy.

The unit is fed with hot vapors, about 12 weight per cent nitric
acid, from the No. 2 Acid Concentrator. When the unit is operated as
an absorber, i.e., without steam being supplied to the reboiler, frac-
tionation occurs only above the feed point and about 30% nitric acid
is removed from the bottom of the unit. The bubble trays handle acid
ranging from about 0% for the top tray to 30 wt. % for all of the
trays below the feed point.

When steam is supplied to the unit, i.e., when it is operated as
a fractional-distillation column, fractionation occurs above and below
the feed point. Under these conditions the bubble trays handle acid
ranging in strength from about 0% on the top tray, to about 30% at
the feed point, and about 60 wt. % on the bottom tray, When the unit
is operated in this manner, 60% nitric acid is removed from the re-
boiler.

Trace quantities of chlorides introduced into the Nitric Acid
Absorber with the feed solution are expected to accumulate between
the second and fourth bubble trays above the feed point i e on
bubble trays 10, l and 12 (from the bottom of the unit5.(1057)
These trays are fitted with pipelines for periodic sampling of the
tray liquid to determine the necessity of purging the system of
chloride-bearing liquid. The pipes may be used to drain to waste
a small quantity of liquid containing high chloride concentration.
Demineralized water is used as a reflux for the fractionator in
lieu of condensed overhead vapors, to prevent the re-entry of
chloride that passes out with the overhead vapors.

4.3 Vacuum Nitric Acid Fractionator

The purpose of the Vacuum Nitric Acid Fractionator is to concen-
trate the 30% acid normally coming from the Nitric Acid Absorber to
60% for reuse in the process. Fractionation is carried on under
vacuum to realize a reduction in the corrogin rates of the materials
of construction that are used in the unit. 3n(3)(15)(16) Fractiona-
tion of 60% nitric acid at 100 mm. Hg total pressure is accomplished
at about 7000. which is about 5000. lower than the operating tempera-
ture at 760 mm. Hg total pressure. With this decrease in temperature,
about a ten-fold decrease in corrosion rates is realized,

-------------------------------------------------------------

*) Operation of the Nitric Acid Absorber as an atmospheric-pressure
fractionator is intended only as a temporary expedient prior to
installation of the Vacuum Nitric Acid Fractionator.
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The use of vacuum fractionation was recommended for use in the Purex Plant
after the original scope had been completed. It is being provided for the
Plant under a separate project (No. CG 598). Consequently, the Plant will
start up without it and operate by using the Nitric Acid Absorber as an atmos-
pheric-pressure fractionator until the vacuum unit is available.

C. PIASTICS

Two plastics distinguished for wide chemical resistance, teflon and fluoro-
thene -- and adequatdly stable towards radiation -- have found limited use in
the Ithotti areas of the Purex Plant. Teflon is used as a gasket material
fluorothene, as the perforated-plate or packing material in certain of the
solvent-extraction pulse columns.

1. Teflon

"Teflon" (actually a DuPont trade name) is used here as a generic term to
designate tetrafluoroethylene resins, the general formula of which is expressed
as (CF2-CF2)x. Although it is classed as a thermoplastic, the polymer does not
become fluid at high temperature, but at 620 0F, it undergoes a transition from
the normal crystalline state to an amorphous gel.

Teflon is completely resistant to the chemicals in the solutions encoun-
tered in the Purex process. The extent of its de radation upon beta and gamma
irradiation is indicated by the following table(Ig)(20)(21):

Irradiation,
Rads Observations

< 105 No detectable changes in properties.

105 -Detectable decrease in flexural fatigue strength.

106 Tensile strength decreased about 50% of initial
value.

9 x 106 Gaskets in flanged joints may crack and develop
leaks under operating conditions,

108 Tensile strength essentially zero.

Tests have failed to r-veal iMportant differences between the effects of equiva-
lent doses of beta and gamma radiations.

Under certain conditions combining acidity and radiation stainless steels
have exhibited excessive corrosion rates when they have been in contact with
teflon. 9)

Except for the areas in the vicinity of the Dissolvers, the HA Column, and
the No. 1 Acid Concentrator, the radiation level in the Purex Plant is normally
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low enough so that degradation of teflon by radiation is negligible.
Teflon gaskets have given satisfactory service in the Bismuth Phosphate
and Redox Plants under radioactive conditions similar to those urder
which they are used in the Purex Plant.

Teflon is also degraded by temperatures in excess of 4000F., and
under these conditions the material gives off toxic gases. The amount
of these gases liberated does not become appreciable until 6000F.

The principal use of teflon in the Purex Plant is as a gasket mate-
rial. It is used in gasketing the pipelines joined with standard flanges
and those joined with remote connectors, It has also been used for
gasketing pump mounts, agitator mounts and other large equipment pieces
to process vessels.

Most of the mechanical properties of solid teflon gaskets are com-
parable to those of the best grades of rubber-bonded asbestos and gasket
design for the two is quite similar. However, the compressive strength,
thermal expansion and resilience properties of teflon can cause some
difficulty in gasket applications. The compressive strength of teflon
gaskets is such that an almost direct relationship is exhibited between
the deformation (thickness changes) and applied gasketing pressures;
consequently, teflon gaskets can be pinched and deformed by excessive
or non-uniform tightening of flanges or by the use of badly warped
flanges. The recovery of such deformed teflon gaskets is practically
nil, and after a period of service under conditions of thermal cycling,
flanged joints gasketed with teflon have a tendency to develop leaks
due to insufficient flange pressure even though the initial installa-
tion was adequate. Despite the aforementioned difficulties which can
result from the mechanical properties of teflon, its chemical and
radiation resistance make it the best material available for the
service involved.

2. Fluorothene

"Fluorothenetl (actually a Union Carbide and Carbon trade name) is
used here as a generic term to designate the trifluorochloroethylene
resins, the general formula of which is (CF 2 -GCl),x It is also known
as polytrifluorochloroethylene, MP-10, P-1, and Kel-F, It is a color-
less, thermoplastic resin that may be molded by conventional equipment.

Fluorothene is completely resistant to all of the chemicals in the
solutions encountered in the Purex Plant. Like teflon, it is degraded
by high beta and gamma radiation, as shown in the following tabulation.(12)

1611
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Irradiation,
Rads Observations

/10 6  No detectable changes in properties.

106 Appreciable decrease noted in flexural fatigue
strength.

107 Modulus of elasticity increased by about 10%.
'Lnsile strength beginning to drop off sharply.

106 Material -extremely brittle. Flexural fatigue
strength decreased by about the square root of
the original value.

Tests have indicated no major differences between the effects of equivalent
doses of beta and gamma radiations.

The principal use of fluorothene in the Purex Plant is for the perforated
plates in the HC, IC, 2E, IO, and 20 Columns and for Raschig rings in the 2A
Column. The plastic sieve plates, in addition to being exposed to the corro-
sive column contents and radiation, are subjected to cyclic flexural. stresses
caused by the pulsing of the column contents through the cartridge,

Samples of perforated fluorothene plates, irradiated in dissolver solu-
tign to levels up to 3.9 x jo7 rads, have undergone without failure 5.2 x
100 cycles of flexing (equivalent to approximately 15 years in the Purex-
Plant pulse columns) at a maximum fiber stress of 75 lb./sq. in., which is
at least twice as high as will be obtained in the Purex-Plant columns. The
highest expected irradiation rate to which fluorothene plates will normally
be exposed, occurring in the HC Column, is conservatively estimated at 200
rads/hr. It would, at this rate, require 25 years of exposure to reach the
test value of 3.9 x 107 rads.

D. PROTECTIVE COATINIS

1. General

Protective coatings are used in the Purex-Plant processing areas with
several objectives. They are used (a) to protect concrete surfaces or non-
stainless-steel items from corrosion by chemical atmospheres; (b) to pre-
vent contamination from penetrating into the pores of concrete surfaces
and increasing the background radiation levels; (c) to assist in the decon-
tamination of metal or concrete surfaces by presenting a continuous, non-
porous film to the contamination source; and (d) to assist in the lighting
of work areas, particularly where the viewing of work area is limited to
indirect optical means, by providing a clean, white coating to objects that
would otherwise be dark in color.
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Protective coatings in the processing areas are expected to resist
one or more of the following conditions: (a) aqueous or organic nitric-
acid-bearing process solutions, (b) nitric acid vapors from process solu-
tions, (c) kerosene-type organic solvents in process solutions, (d)
tributyl phosphate in process solutions, (e) radiation at the prevailing
levels, (f) highly oxidizing solutions from decontamination procedures,
or (g) caustic solutions from decontamination procedures,

No one protective coating has been investigated that will satisfy
all of the requirements that are imposed on process-area coatings and
that is practical from an application standpoint. As a result, two
general types of coatings are employed in the processing areas of the
Purex plant, namely an epoxy based coating (Amercoat 74) and the vinyl-
based coatings (Amercoat 55 and 33). Table XVI-l shows the areas in
which each coating is used.

2, Vinyl-Based Coatings

Vinyl-based protective coatings are basically copolymers of vinyl
chloride and vinyl acetate. They are all resistant to organic acids,
alkalies, and hydrocarbons but are softened or dissolved by aromatic and
chlorinated hydrocarbons, by esters, and by ketones, They have a greater
resistance than most organic coatings but are not invulnerable to oxi-
dizing environments. The vinyl-based coatings are not recommended for
service at temperatures above 150 to 1600F., since the vinyl resins are
thermoplastic and begin to soften just above these temperatures.

The vinyl coatings form their films solely by the evaporation of
solvents from the paint mixture after it has been applied to a surface;
thus they do not require any catalyst or activator additions prior to
application and are ready to use as they are packaged by the manufacturer.

Amercoat 55 is a three-component, vinyl-based system employing prime,
body, and seal formulations. The standard application procedure uses
one prime coat, two body coats, and two seal coats. Each component is
a vital part of the system and performs a specific function: viz., the
prime coat controls the adhesion of the coating to the surface coated;
the body coats impart resistance to abrasion and gouging, and prevent
the formation of pinholes and thin spots on edges and protrusions; and
the seal coats provide the chemical resisting properties of the finished
film.

Amercoat 33 is likewise a vinyl-based system, but it employs only
one component, which is applied in three or more coats, depending on the
film thickness desired. To gain the simplicity of a single component,
Amercoat 33 sacrifices both chemical and physical resistance and is used
only where mild chemical resistance suffices and where the abrasion-
resistance and adhesion requirements are not difficult.
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Neither Amercoat 55 nor Amercoat 33 will withstand tributyl phosphate
(TBP), hexone, or carbon tetrachloride. These coatings were not applied
where solvent exposure was anticipated.

3. Epoxy-Based Coatings

Amercoat 74 (formerly Amercoat 1574) is a tri-component, epoxy-based
system, employing prime, body, and seal formulations. The standard applica-
tion procedure involves one prime coat, two body coats, and two seal coats.
The various coats perform the specific functions described in the preceding
subsection for Amercoat 55. Each component of this system must be mixed
under controlled conditions with the proper amount of a curing agent or
catalyst (supplied by the manufacturer), added immediately before use,

While the resins that form the epoxy coatings are soluble in organic
solvents in their initial state, the addition of the curing agent causes
the coating to undergo chemical changes after the solventshave evaporated.
These chemical changes result in polymerization and cross-linking of the
molecular structure, producing a surface film with excellent resistance to
aromatic and chlorinated hydrocarbons, to esters, to ketones, and to other
organic solvents, as well as to a wide range of acids, alkalies, and salts
of moderate strength. The disadvantage of the epoxy-type coatings is their
lack of resistance--to oxidizing acids, Amercoat 74 is not recommended for
service against sulfuric acid above 60%, nitric acid above 10%, or acetic
acid above 2% concentration.

4. Coating Repair and Decontamination by Painting

Vinyl coatings may be repaired simply by applying the repair coats over
the old coatings, the ketone solvents in the fresh paint being sufficient
to soften the old vinyl coating and effect a fusion between the new and the
old coats. Where breaks in coating have penetrated to the base material a
repair coating consisting of the original number and kinds of coats is
recommended. To anchor hard-to-remove radioactive contamination to vinyl-
coated surfaces by covering the contamination with paint, it is sufficient
to apply a single coat of Amercoat 33 or of Amercoat 55 seal.

Epoxy coatings are not easily repaired after the polymerization is com-
plete as the film is not softened by the solvent of the repair coats and no
fusion of the repair coat to the original coat is effected, It is essential
therefore in repairing cured epoxy coatings that the surface to be repaired
be conditioned by the application of a special "tie coat" or physically
roughened by sanding or light sand blasting. Any repair coating or coating
applied for "decontamination'* by overcoating should consist of the same
number and kinds of coats that were contained in the original coatings since
the adhesive properties of the seal coats without the prime coat and body
coats are poor.

The application of vinyls over epoxys and vice versa presents some addi-
tional problems. Overcoating fully cured epoxy coatings with a vinyl material

-A'
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will result in poor adhesion between the two materials if a tie coat is
not employed or if the epoxy film is not roughened prior to the vinyl
application. However, if the vinyl is applied while the epoxy resins
are only partially polymerized and still vulnerable to the solvent struc-
ture of the vinyl formulation, a satisfactory bond may be realized between
the two coatings,

Care must be employed in overcoating a vinyl film with an epoxy formu-
lation as there is a possibility that the vinyl will be "lifted" from the
base material, The "lifting" of the vinyl coat is a result of the epoxy
solvent structure which tends to penetrate the vinyl film and to collect
on the base material, thus destroying the bond between the film and the
base material. As the solvent penetrates the film it also causes some
swelling and this, coupled with the loss of bond to the base material,
results in the vinyl coating wrinkling free in large sheets, This diffi-
culty may be overcome and excellent adhesion attained between the coat-
ings if the. first coats of the epoxy formulation are applied lightly,
thus decreasing the amount of solvent deposited on the vinyl film until
a solvent resistant epoxy film is built up.

Laboratory results,(17) obtained after the painting of the Purex
Plant was begun, indicate that repaired coatings or new surfaces to be
painted with Amercoat 55 can be made more resistant to nitric acid than
the surfaces coated by the method originally used.

The Amercoat 55 system as applied to the surfaces of the Purex facility
consists of one prime coat, two body coats, and two white seal coats. This
will protect concrete from the hot fumes from a 20% nitric acid solution at
8000. for about three days or from complete immersion in 60% nitric acid at
room temperature for about two weeks. However, an Amercoat 55 system con-
sisting of one prime coat, one body coat, two black seal coats, and one
white seal coat has successfully protected concrete and metal surfaces from
the hot fumes from a 20% nitric acid solution at 8000, for periods in excess
of forty days,

Where white is not a necessary final color, the substitution of a third
black seal coat for the final white seal coat results in a coating of still
greater acid resistance.

-MR a
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TOMI Xvi - I

PR0TECTIVE Q)ATDS IN ThE PUREX PLANT

Area Amercoat 74 Amercoat 55 Amercoat 33

276-A fl"ding F W T
Organic Feed Tank Room F D
Sample Gallery F D W C T

Process Cell L F W T C
Process Cells G, H, I, J, K and west section of F F D WPipe Trench west of F Cell partition F D w
Air tunnel west of F Cell partition F D V CPipe Shaft #2 F W T
iscellaneous tunnels and chases containing organic
piping F W

Pool Cell
Decontamination and Storage Cell W T
Process Cells A, B, C, D, E and east section of F F D W
Pipe Trench east of F Cell partition F D W
Air tunnel east of F Cell partition F D W OHot Shop F W T

Acid Storage Vault F D W TBattery Room F
Airlock #1 F

PR Room and PR Vault F W C TPipe and Operating Galleries F WCanyon Lobby F D
Canyon F DT
Cell cover block jamb (wall and ledge) All surfacesCell cover blocks All surfaces

Pipe rench cover blocks All surfacesJumper bracing, vessel supports, etc. All surfacesCrane Cab Gallery and Crane Maintenance Platform F D
Slag Storage Basin F WRegulated Shop F D TRailroad Tnnel F D

Hot Shop ventilation covers All surfacesCar Puller Michinery Room F DLaboratory Solid Waste Vault F W T

Storage Room F D TSWP Supp3y Storage Room, Clean SWP laundry Room, Used SiP
Laundry Room, Hot Change Rooms #1 and #2, Personnel
Decontamination Rooms, men's toilet #1,and janitors'
closet#2 F

Corridors #L, #1k and #6 F W TPlenum Chambers #1, #2, #3 and $ F WCExhaust filter boxes #1. #2, and #3 F W C
291-A Tunnel F MO
Trap Pits #1, #2, #3, 4 and h5 F DAirlock #11 F WC T
Airlocks #3 and #9 F D TAirlock #10 F DAirlocks J5 and #6 F

Stairs #2, h5, #11, #L3,and #15 F D TStair #19 F DStairs #7 and #12 F

Legend: F -
W

D =
T =

Flor

Ceiling
Dado (12" strip at the base of the walls)
Trim (Doors, door casements, window frames, window easements, etc.)

L.77- I
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CHAPTER XVII. INSTRUMENTATION

Remote control of much of the Purex process, with massive radiation
shielding interposed between personnel and radioactive processing areas,
necessitates the use of extensive process-control instrumentation. Approxi-
mately 600 process-control instruments are employed in the Purex Plant.
These instruments comprise a total of about 5000 separate sensing, trans-
mitting, indicating, recording, controlling, and other component elements.
The purpose of this chapter is to describe the nature, applications, and
limitations of the various types of instruments. The principles on which
the instruments function are briefly explained. The several component
elements of the various instruments and their interconnections are func-
tionally described. Instrument ranges, accuracies, and sensitivities are
indicated.

A. INSTRUMENTS OF THE PREX PIAT

Automatic instrumentation is used in the Purex Plant to measure and/or
control the following process variables: (a) flow, (b) differential pres-
sure, (c) liquid level or weight factor, (d) specific gravity, (e) tempera-
ture, (f) liquid-liquid interface position, (g) radiation level, (h) pres-
sure, (i) pH, (j) sound, (k) centrifuge speed, and (1) centrifuge vibration.
Approximately 600 individual instruments are available in the Purex
Plant to accomplish these objectives.

Only infrequently can a single instrument element perform a measure-
ment and/or control function. Generally several distinct component elements
are integrated into an instrument system which carries out the intended
function: an element which "senses" the variable in question; an element
which transmits the signal from the sensing element and often amplifies
or otherwise modifies it, as needed; an element which receives the signal
and indicates or records it; controlling and controlled elements, in the
case of automatic controllers; and alarms, when needed to call immediate
attention to some potential unusual situation.

Most of the instruments of the Purer Plant are listed in Tables XVII-2
to XVII-9 according to the equipment piece which they serve. For each
instrument the tables show the equipment piece number of the equipment
served by the instrument, the service of the equipment piece, the variable
sensed, the type of sensing element used, the variable controlled (if any),
the instrument signal flow which shows the relationship of the plements
comprising the instrument system, and the range and any special features
of the instrument.

The following instruments are not listed in tables microphones
(every vessel that has a rotating piece of equipment has a microphone),
ammeters and motor switches for pump and agitator motors, sump instru-
ments, pulse-generator indicators and alarm lights, jet-control stations,
cell pressure and temperature, fire detection, and health monitoring chambers.

The instrument legend which explains the various instrument symbols
used throughout this chapter and on the Instrument Engineering Flow Diagramsk8 )
is given in Table XVII-l.
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The Purex-Plant instruments are mounted on graphic panels (9)which
depict the flow of the process streams. These graphic panels, by indicating
clearly at which point in the process the variables are measured and/or
controlled, are intended to help avoid confusion which might otherwise
result from the large number of instruments involved. The scope of the,
instrumentation is such that standard-size instruments would require exces-
sive panel-board area. Therefore, all graphic-panel-mounted instrumentation
consists of the miniature type.

The three control rooms in the Purex Plant are designated as: (a) Central,
(b) Head-End, and (c) Power. The Central and Head-End Control Rooms each
have a main and an auxiliary graphic panel. Figure XVII-1 shows a schematic
drawing representative of a graphic panel.

The main graphic panel in the Central Control Room contains the instru-
mentation for the co-decontamination, partition, and final plutonium and
uranium decontamination cycles and the waste treatment, acid recovery, and
first solvent treatment systems.

The auxiliary panel in the Central Control Room contains the instrumenta-
tion for the second solvent system, the process vent system, "cold" aqueous
tanks, and sumps.

The main panel in the Head-End Control Room contains the instrumentation
for the irradiated-uranium feed preparation system.

The auxiliary panel in the Head-End Control Boom contains the instru-
mentation for the Waste Rework Tank, recovered nitric acid storage tanks,
laboratory cavern waste storage, Cell Collection Tank, and ionization-
chamber radiation recorders.

The Power Panel Board contains the instrumentation required for proper
ventilation of the Canyon, Operating Gallery, Laboratory, shops, and offices.

The process streams are represented on the graphic panels by the follow-
ing colors:

Plutonium streams Gold
Uranium streams Yellow
Uranium-and-plutonium streams Orange
Organic streams not bearing U or Pu Blue
Aqueous waste Red
"Cold" aqueous streams Green
Instrument air Silver
Steam, water, and air service lines Black
Off-gas Dark red
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B. FLOW INSTRUMENTS

1. General

The following types of flow metering and/Or control systems are
used in the Purex Plant: _(a) electronic rotameter, (b) pneumatic rota-
meter, (c) orifice meter, (d) head-above-orifice flow meter ("flow pot"),
(e) metering pump, and (f) displacement meter. The choice of system
depends upon the accuracy of measurement desired, the flow rates and the
range of flow rates likely to be encountered, or other particular require-
ments of the stream involved.

In order to maintain the flow rates of the streams entering and/or
leaving the solvent-extraction columns in the ratio specified by the flow-
sheet, a master control system is used. In such a system a flow recorder-
controller (master) operating one stream resets the flow recorder-controller
(slave) operating on other streams according to a predetermined ratio. The
five master flow recorder-controllers in the Purex Plant operate on the HAF,
IAF, IBZF, 2DF, and 2AF streams. The streams which each of the master
recorder-controllers reset are as follows: (a) the HAF flow resets the HAX,
HAW, HCX-H20, and HCX-HNO3 flows to the HA and HC Columns; (b) the IAF flow
resets the rates of NaNO2 and HN03 addition to the LAF Tank, the IAW flow,
and IAX flow; (c) the IBXF flow resets the IBS, IBXP, ICX-H20, and ICX-
HNO3 flows; (d) the 2DF flow resets the HNO and chemical addition t6 the
2DF Tank, the 2D1, 2DW, 2EX-H20, and 2EX HN8 flows; and (e) the 2AF flow
resets the ENO, and NaNO2 addition to the 2A Tank, the 2AX (normal or
make-up), 2AS, and 2BP flows.

2. Electronic Rotameter (FT)(lO)

Application: A specially designed, Fischer and Porter, all stainless-
steel electronic rotameter is used to measure the flow of most radioactive
streams within the Purex-Plant Canyon and Sample Gallery.

Principle:. Rotameters utilize constant differential head across a
variable-area annular restriction to measure the flow rate of a fluid.
The general flow equation is Q = CAWf in which Q = flow rate, C = orifice
coefficient, A = area (variable), and H = head difference across the
annular restriction (constant).

The stream being measured passes upward through a vertical, truncated
conical metering tube having the maximum diameter at the top. A float
inside the tube adjusts its vertical position as required by the flow rate
and in so doing changes the annular area between the tube and the maximum
diameter of the float.

Electronic rotameters have an armature consisting of a vertical
stainless-steel tube, the lower half of which is filled with a soft-iron
core attached to the bottom of the float. As the flow rate increases both
the float and the armature rise.
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A transmitter, consisting of two inductance coils around a stainless-
steel flow pipe, is attached to the bottom of the metering tube. Movement
of the soft-iron core of the armature changes the inductances of the two
coils which form an impedance bridge with an electric-to-pneumatic converter.

Description of sensing element: As shown in Figure XVII-2 the metering
tube and stainless-steel coil housing are joined together by flanges and
sealed with a teflon "0" ring. The fluid passes through and around the
transmitting coil and converges to pass through the metering tube, which isapproximately 50 mm. in active length. It has an enlarged section immediately
above the active length to prevent obstruction of flow when the float is
against the top stop and also to allow purging of foreign matter to prevent
the float from sticking. The lower float stop is at a point approximately
10% up the metering tube, to allow back-flushing of the tube. All parts in
contact with process solution are Type 347 and 304L stainless steel.

Connections: A schematic drawing of a flow-metering system utilizing
an electronic rotameter is shown in Figure XVII-3. The rotameter transmits
an electrical signal proportional to the flow rate to an electric-to-
pneumatic coverter that is located in the Central Control Room. The con-
verter changes the electrical output of the rotameter to a proportional airsignal which is transmitted to a miniature recorder-controller located on
the graphic panel in the Control Room. The recorder-controller sends an
air signal to a diaphragm-operated control valve usually installed in the
same process line As the rotameter; and the air signal positions the valve
plug to produce the desired flow rate.

The rotameter systems that meter extraction-column feeds from tanks inthe Canyon have solenoid valves, located in the air signal line to the con-
trol valve, that close the valve whenever the feed-pump motor circuit is
de-energized. In this manner the column contents are prevented from drain-
ing back to the feed tank.

The flow of the master-control stream is measured by an electronic
rotameter system. The air signal which goes to the master controller from
the electric-to-pneumatic converter also goes to the set-point adjusting
units mounted below each slave recorder-controller of the other streams
in the master-control system. The ASP unit is adjusted so that each slave
recorder-controller will control its stream flow in a definite ratio
(0.3:1 to 3.0:1) to the master-controller stream flow.

Range: Each rotameter has a maximum-to-minimum flow range of 10:1.
Minimum flow rates of 0.034 to 7.2 gal./min. are available.

Accuracy: Approximately 3 per cent of full-scale range.

Sensitivity: Approximately 2 per cent of full-scale range.
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3. Pneumatic Rotameters (FT)(ll)

Application: The pneumatic transmitting rotameter is used to measure
the flow rate of "cold" process streams when the maximum flow rate is
greater than approximately 0.2 gal./min. and the instrument can be located
in the Operating Gallery.

Principle: The principle is the same as outlined for the electronic
rotameter except for the method of transmission.

An armature, attached to the upper part of the float, consists of a
stainless-steel tube containing two cylindrical permanent magnets in the
upper portion placed so that the north-seeking poles are adjacent. An
additional pair of magnets is mounted around the outside of the stainless-
steel tube with their south-seeking poles adjacent to the north-seeking
poles of the magnets inside the armature. Thus, as the armature moves,
the external magnets follow, and through a mechanical linkage system oper-
ate a pneumatic transmitter to give an air signal proportional to float
position.

Description of sensing element: The rotameter contains a glass meter-
ing tube which is fluted to guide a float designed to minimize the effects
of variation in viscosity. The fluid enters horizontally at the bottom and
leaves horizontally at the top. The stainless-steel extension housing for
the float armature is mounted on top of the rotameter. The magnetically
coupled pneumatic flow transmitter is mounted around the extension housing.

Connections: A schematic drawing of the pneumatic-rotameter metering
system is shown in Figure XVII-3. The rotameter transmits an air signal to
a miniature recorder-controller located on the graphic panel. The control-
ler and control valve are the same as those described for electronic rota-
meter systems.

Range: The pneumatic rotameter has a maximum-to-minimum flow range of
10:1. Minimum flow rates from 0.036 to 6.0 gal./min. are used.

Accuracy: Approximately 3% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.

4. Orifice Meters (FE)(12-20)

Application: The orifice-meter system, used chiefly for steam and
water flow measurements, is also used to measure the flow of several
"hot" off-gas streams.

Principle: Orifice meters operate on the principle of a constant-
area flow restriction with variable head (pressure) loss. The relation-
ship of flow rate and head loss is expressed in general form by the
equation Q = CAVE where Q = flow rate, C = orifice coefficient, A = area
(constant), and H = head difference across the restriction (variable).
The difference in hydrostatic head created by the orifice is impressed
across a differential-pressure transmitter.
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Description of sensing element: The sensing element consists of a thin-
plate (l/-in.-thick), sharp-edge orifice. The pressure taps on each side
of the plate are located within the flanges that retain the orifice plate.

Connections: A schematic drawing of the orifice metering system is
shown in Figure XVII-4. A Foxboro or a Republic differential-pressure
transmitter is connected to the orifice pressure taps, which converts the
differential pressure across the orifice plate due to fluid flow to an air
signal which is proportional to the fluid flow. The air signal is trans-
mitted to either a pressure gage, a miniature indicator-controller, a
miniature indicator-integrat-or, or a miniature recorder-controller located
on the graphic panel. The indicators and/or recorders have scales or charts
calibrated in square-root numbers, so that they express percentage of maximum
flow. (Example: A chart reading of 10 equals 100% of maximum flow, and a
chart reading of 7 equals 70% of maximum flow.) If the flow rate is con-
trolled, a diaphragm-operated valve is installed in the same line as the
orifice-plate assembly, and the position of the valve stem is regulated by
a signal from the controller to obtain the desired flow rate.

Range: The orifice-meter system has a useful minimum-to-maximum flow
range of 3 to 1. The measurement of flow rates beyond the range of a
particular installation can be accomplished by either changing the size of
the orifice or by changing the range of the differential-pressure trans-
mitter.

Accuracy: Approximately 3% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.

5. Head-Above-Orifice Flow Meter (Flow Pot)

Application: A specially designed "flow-pot" flow meter, which gives
wide-range flow measurement at a moderate cost of component parts, is used
to measure the leakage flow through and around the piston of the column
pulse generators and also the feed rate to the Feed Centrifuges. In the
pulse-generator applications, the flow pots were selected due to low
available head and a wide required range of the flow measurement. They were
selected for the centrifuge feed streams because they are suitable for
approximate flow measurement of a jetted stream.

Principle: The principle of operation of the flow pot is the same as
that of the orifice-meter system, except for the manner in which the pres-
sure drop across the orifice is measured. This flow meter consists essen-
tially of a chamber receiving an entering liquid, which can leave only
through an orifice at the bottom of the chamber wall. The level of the
liquid builds up in the chamber until the hydrostatic head above the exit
orifice is high enough to cause an exit flow equal to the entering flow.
This steady-state liquid level is a measure of the flow rate. In the Purex-
Plant flow pots, two orifices, one above the other, are actually used, to
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make the instrument suitable for measurement of the required wide range of
flow rates. At low flow rates liquid flows only through the lower orifice,
while at high rates the upper orifice is also submerged, so that the liquid
level is determined by the sum of the flows through the two orifices. This
meter is not an instantaneous flow-measuring device but a flow-averaging
device and requires several minutes to register the average after a flow
change.

Description of sensing element: The flow pot consists of a plate
10-in. high installed vertically in the middle of an 11-in. section of
8-in. Schedule 40 pipe, the center of which is-8 in. from the bottom of
the 11-in. pipe section. Liquid leaves through a 2-in. Schedule 40 pipe
at the bottom of the 11-in. pipe section and on the opposite side of the
vertical plate from the inlet. Two orifices, one above the other, having
centers 3/4 in. and 4-3/4 in. from the bottom of the vertical plate,
respectively, are drilled in the vertical plate. There is a one-inch
clearance between the top of the vertical plate and the top of the 8-in.
pipe section to allow liquid flow if the orifices plug or the flow is too
great for the orifices to handle. A 1/2-in. Schedule 40 pipe dip tube
enters the top of the 8-in. pipe section and goes to a point 1/2 in. from
the bottom and another 1/2-in. pipe dip tube just enters the top of the
8-in. pipe section.

Connections: A schematic drawing of the flow-pot instrument system
is shown in Figure XVII-4. The dip tubes are air purged and the back
pressure is measured by a pressure transmitter located in the Operating
Gallery for the system used on the feed to the centrifuges. The pulse-
leakage flow is indicated by a manometer mounted in the Operating Gallery.
An air signal from the transmitter goes to a miniature recorder located
on the graphic panel.

Range: Approximately 0.1 to 6.0 gal./min.

Accuracy: Approximately 5% of full-scale range.

Sensitivity: Approximately 4% of full-scale range.

6. Metering Pumps(21)

Applications: Milton Roy metering pumps are used on "cold" process
streams where the maximum flow rate is less than 0.2 gal./min. and the flow
is continuous.

Principle: Metering pumps utilize a reciprocating piston having
adjustable stroke and/or frequency to provide positive displacement of the
liquid.

Description of sensing element: A Thymotrol unit (General Electric
Co.) supplies D.C. current to the D.C. motor that reciprocates the pump
piston. The speed of the motor, which is controlled by a 10,000-ohm

potentiometer in the Thymotrol, controls the rate of reciprocation of the 0
piston and thereby controls the flow rate. The potentiometer setting is
controlled by a Conoflow pneumatic positioner. Check valves on the inlet
and outlet side of the chamber, acted upon by the piston, prevent liquid
from flowing in the wrong direction and permit positive displacement of the

17(08
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Connections: A schematic drawing of a metering-pump instrument system
is shown in Figure XVII-5. An air signal from an ASP unit (described in
Subsection K9) controls the setting of the pneumatic positioner on the
Thymotrol unit, thus regulating the flow rate. The signal from the ASP unit
is also recorded on a miniature recorder on the graphic panel.

Range: The range of the metering pump is 0.01 to 0.15 gal./min.

Accuracy: Approximately 3% of full-scale range.

Sensitivity: Approximately 2% full-scale range.

7. Displacement Meter (DM)(-2)

Application: Displacement meters are used to measure the Volume oftrcold" process streams for batch transfer of solution in those cases where it
is desirable to know the exact volume transferred.

Principle: The displacement meter contains a nutating piston- which is
actuated by the passage of a fixed Volune of liquid. The nutation of the
piston, through a gear train, actuates a counter and registers total flow.

Description of sensing element: All parts in contact with the metered
stream are fabricated of Type 304L or 347 stainless steel except the nutating
piston which is hard carbon. The counter registers in tenths of gallons and
automatically resets to zero after full register of six digits.

Connections: A schematic drawing of the displacement-meter system is
shown in Figure XVII-5. Some of the meters have an impulse switch that
closes once every gallon and remains closed for approximately 0.1 second.
This switch operates an electrically actuated integrator located on the
graphic panel. An auxiliary electrical contact on the counter is actuated
upon reaching a preset number of gallons delivered and de-energizes a
solenoid valve that vents the air signal line to an air-to-open diaphragm-
operated valve. Since the valve is located in the same line as the displace-
ment meter, the flow through the meter is stopped.

The system is placed in operation by manually rotating the digital
counter on the graphic panel to the desired volume. A push button actuates
the circuit and the meter will deliver the preset volume and then automatically
shut off. The flow rate can be regulated by a manual controller that operates
a diaphragm-operated valve. If the valve is shut off and then is re-opened,
the flow will contiTue until the preset volume is delivered. The circuit
can only be de-activated, once the push button is pressed, by manually
rotating the- digital counter toward zero until the electrical contacts are
de-energized.

Range: There are three sizes of displacement meters: 0 to 37.5 gal./min.,
0 to 50 gal./min., and 0 to 62.5 gal./min.
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Accuracy. Approximately 1%_of full-scale range.

Sensitivity: Approximately 1% of full-scale range.

C. PRESSURE, LEVEL, DENSITY, AND INTERFACE INSTRUMENTS

1. Purge-Type Instruments(24)

Application: Purged dip-tube systems are used for the measurement of
weight factor, specific gravity, interface position, and solvent-extraction-
column differential pressure.

Principle: Purge-type pressure-measuring instruments utilize a
flowing stream of air (nitrogen is the purge fluid for the weight-factor
instruments on Fe(NH2SO3) 2 Make-Up Tank, TK-103, and Fe(NH2SOj) 2 Adjustment
Tank, TK-101) to counterbalance the hydrostatic head of a liquid. A
regulated stream of purging gas flows into the liquid through open-ended
dip tubes, and the back pressure in the dip tubes is measured by a
manometer and/or a differential-pressure transmitter.

The weight-factor reading is expressed in inches of water required
to balance the hydrostatic pressure, and is proportional to specific
gravity; i.e., liquid level equals weight factor divided by specific
gravity.

Specific-gravity measurements are made across a fixed liquid height.
Specific gravity equals inches of water differential pressure divided by
the inches of vertical distanc- between dip tubes. There must be enough
liquid to cover both dip tubes or the specific-gravity reading will only
be.a weight-factor reading. -

Interface-position measurements are made across a fixed liquid height
in the column. The hydrostatic pressure developed across this fixed
height is equal to the sum of the pressures developed by the heights of
aqueous and organic phases multiplied by their respective specific gravities.
Thus the interface location can be determined if the specific gravity of
each phase is known.

Differential-pr.essure measurements are similar to those of weight
factor.

Description of sensing -element: The weight-factor sensing element
is composed of two 1/2-in. Schedule 40 stairless-steel-pipe dip tubes,
one located at a point near the bottom of the vessel and the other in the
vapor space of the vessel.

The specific-gravity sensing element is composed of two 1/2-in.
Schedule 40 stainless-steel-pipe dip tubes. One is usually the high-
pressure weight-factor dip tube, and the other is usually 10 in.
higher in elevation. In special- cases the dip tube spacing is 20 in.
or 40 in.

Vt
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The interface-position sensing element is composed of three 1/2-in.
Schedule 40 pipe dip tubes. There is usually a 12-in, vertical distance
between the first and second, and the second and third, and they are installed
either in the top or bottom column disengaging sections depending on the
desired interface position. In some cases the interface-position dip-tube
spacing is 8 in. (2B Columns) or 10 in. (IBS Column).

The solvent-extraction-column differential-pressure-sensing element is
composed of two 1/2-in. Schedule 40 pipes; one is mounted at a point near
the bottom of the column and the other at or near the top of the column.

Connections: The back pressure in the dip tubes is measured by a
manometer and/or a differential-pressure transmitter. The manometer is
usually installed on a local panel in the Operating Gallery or directly
on the vessel. The differential-pressure transmitter is located in the
Operating Gallery and transmits an air signal, proportional to the pressure
in the dip-tube lines to a receiver on the graphic panel.

The weight-factor transmitter sends an air signal to an indicator, a
miniature indicator-controller, or a miniature recorder-controller. When
used, the recorder-controller sends an air signal to a Pneumaticset unit
(Subsection K4) located in a flow recorder-controller to reset the flow
rate and maintain a given weight factor in a vessel. The indicator-
controller sends an air signal to a diaphragm-operated valve, which regulates
the flow rate to maintain a given weight factor in a vessel.

The specific-gravity transmitter sends an air signal to either an
indicator, a miniature recorder, and/or a miniature recorder-controller.
When used on concentrators the recorder-controller sends an air signal to
a Pneumaticset unit in a steam flow recorder-controller which resets the
flow rate to maintain a given specific gravity in the vessel.

As shown in Figure XVII-6, for interface position at the top of a
column the interface-position transmitter sends an air signal to a miniature
recorder and a miniature recorder-controller. The recorder-controller
sends an air signal to. either an ASP unit (Subsection K9) and then to a
Pneumaticset unit in a scrub-stream flow recorder-controller or directly
to a diaphragm-operated control valve located in the aqueous-effluent line
or the scrub line.- By regulating the scrub flow to the column or the
aqueous flow out of the column, a given interface position is maintained.

Since the columns are pulsed, a pressure variation is developed in the
dip-tube lines with changes in pulse frequency which effects a change in
the interface-reading position even though there is no change in interface
position. For top interface position this change is minimized by the addi-
tion of 50 feet of 3/16-in. O.D. copper tubing between the differential-
pressure transmitter and its connection to the air-purge and dip-tube lines.
On those columns where the interface is controlled in the bottom disengaging
section, 75 feet of 3/16-in. O.D. copper tubing are required.
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The interface-position measuring and control system for the HC, IC,
and 2E Columns (shown in Figure XVII-7) consists of dip tubes located in
the bottom disengaging section of the column. The dip tubes detect and
record the interface position on a recorder-controller which sends an
air signal to either or both of two diaphragm-operated valves located in
two separate aqueous-effluent lines o- -the column. Each effluent line
also has a jet to move the solution from the column to a concentrator.
The steam pressure to each jet is manually regulated from 0 to 100 lb./sq.in.
gage, but if either or both of the jet-control stations are in the "off"
position a diaphragm-operated valve located in the air signal line from
the recorder-controller to the aqueous-effluent valve shuts off the
respective effluent valve. The steam pressure must be adjusted so that
the jet will operate at a flow rate greater than flowsheet conditions
in order that the control valves can be throttled .to maintain a given
interface position.

The column differential-pressure transmitter sends an air signal to
a miniature recorder. Since the columns are pulsed, a pressure variation
is developed in the dip-tube lines with changes in pulse frequency which
affects the pressure reading. This change could be minimized to a certain
extent by installing snubbers similar to those used in the interface-
position measurement system.

Range: The differential-pressure transmitters have various ranges
depending on service. They can be adjusted for a range from zero to
any value between the following minimum-to-maximum full-scale values:

Weight-Factor Instruments:

Minimum Scale Value,
In, of Water

0
0
0
0
0

Full-Scale Value, In. of Water
Minimum Maximum

25
50
80

130
250

50
80

129
249
399

Specific-Gravity and Interface-Position Instruments:

Minimum Scale Value,
In. of Water..

0
0
0
0
0

Full-Scale Value, In. of Water
Minimum Maximum

15
2
4

15
40

10
3.5
20
30
80

1I

S

0
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Column Differential-Pressure Instruments:

Minimum Scale Value, Full-Scale Value, In. of Water
In. of Water Minimum Maximum

o 1,5 10
o 2 3.5
0 4 20
0 25 50
o 50 80
0 4i00 599

Accuracy: Approximately 3% of full-scale value for weight-factor and
specific-gravity systems. Since the interface-position and column differential-
pressure systems are on pulse columns the accuracy of measurement is approxi-
mately 10% of full-scale value.

Sensitivity: Approximately 26 of full-scale value.

2. Liquid-Level Measurement by Conductivity (L)(25, 26)

Conductivity probes (Photoswitch, Inc.) are used tc indicate when the
liquid level rises to a fixed point in the sumps in the Product Removal
Room. The probe consists of two electrodes, each 4 in. long. that actuate a
relay, which in turn operates an alarm light, when solution touches the
tips of the probes, thereby permittiig electricity to flow between them.

3. Interface-Position Measurement by Capacitance

Application: A capacitance probe is used for measurement and control
of the interface position in the 2A Column.

Principle: A capacitance probe is an electric capacitor consisting of
two metal electrodes which are insulated from each other and separated by a
gap. One of the electrodes is a cylinder, the other a rod at the cylinder
axis. The liquid phases and the insulating material fill the gap between
the electrodes. The capacitance of such a probe depends upon the dielectric
constant of the material in the gap. There is a sufficient difference in
the dielectric constants of the 2A Column organic and aqueous phases to
permit detection of changes in relative heights of the two phases in a probe.

Description of sensing element: As shown below, one pole of the
capacitance probe consists of a stainless-steel rod approximately 3/8 in.
in diameter.
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SCHEMATIC VIEW OF CAPACITANCE PROBE
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The other pole of the probe is a 1-in. Schedule 40 stainless-steel pipe,
which surrounds the rod. - The cylinder has a 1/4-in.-wide slot cut down
one side, to permit circulation of liquids. Since the acidic solutions
involved are good conductors, the two sides of the capacitor must be
insulated from each other. A teflon tube (3/64-in. wall thickness)
fitted over the rod serves as the insulation. The teflon tube is sealed
at one end and is closed at the other by a packing gland.

Two capacitance probes are installed in a side chamber which is in
parallel with the bottoL-disengaging-box of the 2A Column. The installa-
tion of the probes and the instrument system used with the probes is
shown schematically in Figure XVII-6.

Connections: The probes are connected by special low-capacitance
cable to a Fielden "Telstor' capacitance bridge (Subsection J3) mounted
in the Operating Gallery. The "Telstor" unit converts capacitance of
the probe to a 0-50 m-. signal whih goes to an electric-to-pneumatic
converter mounted in the Control Room. The converter changes the
electrical signal to an air signal which is transmitted to a miniature
recorder-controller. The controller sends an air signal to a diaphragm-
operated valve in the 2AW line which positions the valve plug to regulate
the 2AW flow from the column so that a given interface position is
maintained.
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Range: The probe has an effective length of 10 inches.

Accuracy: Approximately 3% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.

4. Bourdon Gages (P) (27)

Application: Bourdon gages are used for local measuremerit of the
pressure of fluids in vessels or lines.

Principle: The Bourdon-tube sensing element is a curved (essentially
circular) tube of flat, elliptical cross section, sealed at one end. Pres-
sure applied to the open end tends to straighten the tube; conversely, vacuum
causes the tube to curl up. The movement of the closed, free end of the
Bourdon tube is a function of the applied pressure.

Description of sensing element: The Bourdon tube is fabricated of
bronze or 300-series stainless-steel, depending on the service. The scale
faces are 3-1/2 in. and 4-1/2 in. in diameter.

Combinations: Thp gage is connected directly to the process line or
vessel.

Range: Bourdon gages are used for measuring pressure, and a combination
of vacuum and pressure.

Accuracy: Approximately 1% of full-scale range.

Sensitivity: Approximately 1/2% of full-scale range.

D. THERMOMETERS (TE)

1. Resistance Thermometers(28, 29)

Application: Resistance elements are used for all temperature measure-
ments in "hot zones and in those "cold" applications where a record is
needed.

Principle: Resistance elements make use of the variation in electrical
resistance of a coil of nickel or platinum wire due to temperature changes.

Description of sensing element: The nickel or platinum wire comprising
the resistance element is wound on an insulator and incased by a thin
protective stainless-steel tube. The sensing element is approximately 6 in.
long and 11/32 in. in diameter. This is installed in a stainless-steel well
fabricated of 1/2-in. Schedule 40 pipe mounted in a jumper assembly. The
resistance value of the element is 504.9 ohms at 300F. for those in the
range of 0 to 1500C. and 45.5 ohms at 00 C. for those that measure up to 3000C.
Vessels TK-A2, TK-B2, TK-C2, and TK-F2 use the higher-temperature bulbs.

Z:i. a-& o
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Connections: The resistance element is connected electrically to an
electric-to-pneumatic converter to form a Wheatstone bridge. The converter
sends an air signal, proportional to the temperature, to a miniature
recorder or a recorder-controller. In some cases the recorder-controller
sends an air signal to a Pneumaticset unit in a steam-flow recorder-controller
or directly to a diaphragm-operated valve in a cooling water line.

Range: Nickel resistance elements: 0 to 60, 100, 120, or 1500C., as
tabulated (Tables XVII-2 to 9). Platinum resistance elements: 0 to 30000.

Accuracy: Approximately 3% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.

2. Mercury Thermometers(30-32)

Application: Mercury thermometers with dial indicators are used for
temperature measurements on "cold" process streams and vessels where no
record is required.

Principle: Mercury-filled capillary-tubing thermometers function
on the basis of the difference in the coefficient of expansion of mercury
and the coefficient of expansion of the confining system. The greater
expansion of mercury upon heating is measured by a Bourdon gage.

Description of sensing element: The sensing element is a Type 304
stainless-steel well filled with mercury.

Connections: The sensing well is connected by a 1/4-in.-diameter,
flexible armor-covered stainless-steel capillary to a Bourdon-tube pressure
gage calibrated for temperature readings. This gage has a 4-1/2 in.
diameter scale. All linkages are of stainless steel. The case is
compensated for ambient temperature variations.

Range: 0 to 1100C. or 0 to 15000., as indicated on Tables XVII-2 to 9.

Accuracy: Approxinately 3% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.

E. RADIATION INSTRUMENTS

1. Ionization Chambers (RE)(33, 3

Application: Radiation instruments using ionization chambers serve
for supplementary, approximate measurements of decontamination of the
plutonium and/or uranium-containing streams and provide an indication of
the intensity of gamma radiation near selected equipment pieces. Ioniza-
tion chambers are employed on the Dissolvers, Feed Centrifuges and their
feed tank, uranium concentrators, acid concentrators, Waste Neutralizer,
Plutonium Product Receiver, Plutonium Sampler Tanks, and the Utility Decanter
(F14).
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Principle: Gamma radiation from sources "seen" by the instrument
enters a gas-filled chamber, causing ionization. The ionization increases
the electrical conductivity of the gas. The conductivity, which is
measured, is an indication of the radiation intensity.

Description of sensing element: The Process Monitoring ionization
chamber is a 5-in.-diameter plastic cylinder, 18-3/4 in. long. Beta rays
do not penetrate the plastic and no "windows" for beta-ray entry are
provided, so that only gamma radiation is sensed. The chamber is filled
with argon. An Aquadag (graphite suspension) or boron carbide coating on
the inside of the cylindrical wall is the negative electrode. The posi-
tive one is an axial 1/2-in. aluminum rod.

Connections: The ion chamber is connected by shielded cable to a
four-point electrical selector switch which allows four ion chambers to
be monitored by one recorder. The output of the switch goes to an amplifier,
which in turn transmits a 0 to 50 mv. signal to a standard, recorder.

Range: The instrument can detect from 0.003 mr./hr. to 300 r./hr.

Accuracy: The accuracy of the instruments in the system is approxi-
mately 87 of full-scale range. The accuracy of the radiation-level
measurement, however, is dependent upon the accuracy of calibration.

Sensitivit : The sensitivity of the instruments in the system is
approximately 5 of full-scale.

2. Scintillation Counters (SCE)

Application: Scintillation counters are used as in-line monitoring
instruments for gamma activity. They are used to monitor the condensate
streams from the uranium concentrators and Nitric Acid Fractionator, solu-
tion flowing to the 2EU Receiver Tank, and the 2BP flow to the Plutonium
Stripper.

Principle: The gamma rays from the sample interact with a sodium
iodide crystal to produce light scintillations. These in turn initiate
electrical pulses from a photoelectric tube. The pulses are amplified
to give a reading that is proportional to the activity of the solution
being measured. The monitoring system measures the counting rate per
unit volume of solution.

Description of sensing element: The sensing element is a sodium
iodide crystal.

Connections: The gamma monitoring system (as shown in Figure XVII-8)
consists of (a) a detector assembly, (b) a counting rate meter (for low-
activity streams) or a current amplifier (for high-activity streams)
depending upon whether it is a pulse or current-type scintillation counter,
(c) an electric-to-pneumatic converter, and (d) a miniature recorder.
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To permit checking of instrument background and sensitivity as well
as to obtain sample readings, the sensing unit of the pulse-type counter
which is used on TK-K5 is mounted on a 3-position motor-driven slide which
is controlled from the- graphic panel. Thus the sensing unit may be allowed
to view (a) the sample cell, (b) a lead "background slug", or (c) a standard
cesium-137 sample embedded in a duplicate lead slug. The current-type
counters are checked by manually pushing a slide that has the three positions.

Range: The ranges of the scintillation counters to be installed in
the Purex Plant have not been firmly established. It is expected, however,
that the current-type instruments will have a range of from 5 microcuries/liter
to 30 millicuries/liter. The range of the pulse-type unit (2EU stream)
is expected to be 0.01 microcuries/liter to 0.2 microcuries/liter. The
minimum values can be changed by modifications of the sample-cell geometry.
The maximum values can be changed by modifications of either the sample-
cell geometry or of measuring-circuit design.

Accuracy: Approximately 5% of full-scale value for the current type
and 2 for the pulse type.

Sensitivity: Approximately 5% of full-scale value for the current
type and 2 for the pulse type.

F. IN-LINE MONITORS

1. Uranium Polarograph

Application: The Uranium Polarograph will not be initially installed
in the Purex Plant, but provisions have been made on the sampler assemblies
in the Sample Gallery for future installation. The unit will be used to
monitor the uranium concentration in the HAW, TAW, and other selected
streams.

Principle: The amount of uranium in the process stream is determined
by measuring the current produced during the electrochemical reduction of
hexavalent uranium.

Description of sensing element: The sensing unit consists of a
dropping-mercury _electrode, a reference electrode (saturated calomel), a
salt bridge, a vacuum reservoir, an electrolysis cell which is connected
to the bayonet sampler, and a mercury trap, as sketched schematically
below.

ft V
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DROPPING-MERCURY ELECTRODE SYSTEM

Cathode Lead

Vacuum
Reservoir

Mercury
Reservoir

Saturated Dropping-Mercury Electrode
Calomel
Electrode _-Electrolysis Cell

From Sampler

Anode Salt
Lead Bridge Mercury Trap

Connections: The system consists of a sensing unit, polarograph, and
a controller. The polarograph contains an electrical circuit which permits
the current measurements to be made and recorded. It also contains the
necessary circuits for setting voltages, sensitivities, and control switches.
The controller unit consists of a bridge circuit (a rotating potentiometer)
and a set of cams which operates: (a) a solenoid valve to control the air
supply to the jet on the sampler, (b) the dropping-mercury electrode circuit
5 seconds after the jet is shut off, (c) the chart drive of the recorder
10 seconds after the jet is shut off, (d) the bridge circuit 15 seconds after
the jet is shut off. It also shuts off the dropping-mercury electrode after
the bridge potentiometer has made a full rotation and then starts the jet
again.

2. Other In-Line Monitors

The gamma scintillation counter is described in Subsection E2.

Other instruments currently being developed are a photometer for
monitoring uranium feed-stream composition, an alpha monitor, an instrument
metering the turbidity of column effluent streams, and a gamma spectro-
photometer for determining the elements present in a process stream by the
use of the gamma scintillation counter. It is expected that as these units
are proved satisfactory they will be installed in the Purer Plant.
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G. pH METERS (PE)

Application: The pH of the solution in the Waste Neutralizer, IOF,
IOW, 20F, and 20W Tanks is measured by a system of three electrodes located
in a sampler mounted in the Sample Gallery.

Principle: The pH, i.e., the concentration of hydrogen ion of a
solution, is determined electrometrically by measuring the difference in
potential between an electrode which has a fixed voltage (calomel electrode)
and an electrode in which the voltage varies with the solution pH (glass
electrode).

When a thin glass membrane of special glass separates two solutions
of different hydrogen-ion concentration, a potential is created that is
a function of the two concentrations. Since the pH of the solution in
the electrode is maintained constant, the pH of the external solution can
be determined by comparing the potential produced with the known potential
of a reference electrode (calomel electrode).

Description of sensing element: The glass electrode consists of a
glass tube approximately 1/2 in. in diameter with a bulbous glass tip. A
solution of constant pH is contained inside the tip, and the outside of the
thin glass membrane is exposed to the solution whose pH is being measured.

The calomel electrode contained in a glass tube consists of mercury
and mercurous chloride in contact with saturated potassium chloride as
an electrolyte. - The reference electrode makes contact with the process
solution by allowing the saturated potassium chloride to flow slowly
through a porous fiber sealed in the immersion end of the electrode.

A resistance element which automatically corrects the transmitter
for the effect of temperature on the pH response of the electrodes is
also immersed in the solution. On some installations where the temperature
of the solution being measured is relatively constant this element may be
eliminated.

Connections; The three elements are connected by shielded cable to a
connector box and then to a Beckman amplifier. A connector box is used so
that standard lengths of electrode leads can be furnished and permit replace-
ment of electrode assembly with minimum replacement of special electrical
leads. The amplifier sends a 0 to 50 mv. signal to an electric-to-pneumatic
converter which changes the electrical signal' to an air signal. This air
signal is sent to a miniature recorder located on the graphic panel.

Range: 6 to 13 pH units.

Accuracy: Approximately 5% of full-scale range.

Sensitivity: Approximately 2% of full-scale range.
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H. MICROPHONES, TACHOMETERS, AND WOBBLE METERS

1. Microphones (MK)(35)

A contact microphone with a response of approximately 400 to 7000
cycles per second is installed in a jumper, usually along with the tempera-
ture element, on every vessel that contains a rotating equipment piece.
Sound originating in the cell actuates the microphone and the signal is
transmitted through a 4-point selector switch through an amplifier and a
volume unit to a speaker mounted on the panel hoard. From the quality of
the sound, operating personnel may detect irregular mechanical operation as
well as monitor normal operation.

2. Tachometers

General Electric Co. tachometers are used to provide a record of the
speed of rotation of the centrifuges.

The unit is an A.C., 3-phase, 6-pole generator. Its output is rectified
and the power produced is a measure of the speed of centrifuge rotation.
After rectification the generator output goes to both a triple-range
tachometer indicator with full-scale ranges of 0 to 20, 0 to 200, and
0 to 2000 rev./min. and to an electric-to-pneumatic converter, which trans-
mits an air signal to a miniature recorder.

The tachometer is capable of measuring speeds between 10 and 1500 rev./min.

3. Wobble Meter

Wobble meters, developed at H.A.P.O., are used to record the amount
of eccentricity in the centrifuge shafts.

Total shaft wobble is indicated on an amplifier located in the
Operating Gallery. The amplifier transmits a 0 to 50-mv. D.C. signal to an
electric-to-pneumatic converter, and the converter sends an air signal to
a miniature recorder.

The wobble indicator detects shaft wobble between 0 and 1 inch
(0 to 0.5-inch shaft eccentricity).

I. SPECIAL INSTRUMENT SYSTEMS

1. Dissolver and Off-Gas Systems

A schematic drawing of the Dissolver off-gas system instrumentation
is shown in Figure XVII-9.

Safety devices are installed on the Dissolver to prevent a pressure
build-up in case of a rapid evolution of gases in the dissolution step.
The pressure in the Dissolver is normally maintained at approximately
10 in. of water vacuum. When the pressure increases to 7 in. of water
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vacuum, a pressure-actuated switch energizes a relay which in turn energizes
the motor drive of the jet-control stations and turns the manual pneumatic
selector for the 10-in. jet to the "on" position and the manual pneumatic
selector for the 6-in. jet to the "off" position. Two solenoid valves,
which are also energized, -transfer the controller air signal to the air-
operated valves permitting the larger jet to attempt to bring the Dissolver
pressure back to 10 in.-ofwater vacuum. If the pressure in the Dissolver
increases to 4 in. of water vacuum a-second pressure-actuated switch
closes the air-operated valve which controls air in-leakage to the Dissolver.
When the Dissolver pressure-returns to 10 in. of water vacuum, the first
pressure switch de-energizes the relay and all control functions are
switched from the 10-in-jet system to the 6-in.-jet' system for normal
operation.

Details of the system operation are as follows.

A pressure transmitter (PT-3) attached to the low-pressure weight-
factor dip tube sends an air signal to a pressure recorder-controller (PRC)
and the pressure switch (PAS-3). The pressure recorder-controller (PRC)
sends an air signal (a) through a solenoid valve (VE-2) to a control valve
(DOV-9) located in the bff--gas line and (b) through a reversing relay (VP)
and solenoid valve (VE-3) to a contol valve (DOV-10) located in parallel
with valve DOV-9. Pressure gages (PI-1 and PI-2) are in the air signal
lines to valves DOV-9_and..DOV-10, respectively. These gages can be
calibrated in relation to valve-stem position thereby giving an approxima-
tion of the rate of off-gas flow.

When actuated by high pressure, PAS-3 energizes a relay (RL) which
simultaneously operates four devices: (a) VE-2, (b) VE-3, and (c) jet-
control stations JC-1 and JC-2. Solenoid valve VE-2 is a three-port
valve: one port goes to valve DOV-9; one port connects to a 15 lb./sq.in.
gage air supply; and the third port connects to the signal line from the
recorder-controller. Thus, when VE-2 is energized it blocks off the air
signal from the recorder-controller to valve DOV-9 and applies-a 15 lb./sq.
in. gage air pressure to DOV-9, closing it. A reversing relay (VP) changes
the 3 to 15 lb./sq.in. gage air signal from the recorder-controller to a
15 to 3 lb./sq.in. gage signal which goes to valve DOV-10.

Solenoid valve VE-3 is a three-port valve: one port goes to valve
DOV-10; one port is vented to atmosphere; and the third port is tied to
the signal line from the recorder-controller. Thus, when VE-3 is energized
it closes the vent and applies the air signal from the PRC to the valve
DOV-10-

The jet-control station JC-1 operates the 6-in. jet (J-1) which pulls
off-gas through valve DOV-9, and JC-2 operates the 10-in. jet (J-2) which
pulls off-gas through valve DOV-10.

amme0
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JC-1 and JC-2 are two manual pneumatic selectors, electrically inter-
locked for automatic switching by a reversing-type motor, which is activated
by an electric relay (EL). When one selector is in the "off" position,
the other is in the "on" position. An automatic-manual switch allows
manual control of-each pneumatic selector independently of each other.
Manual controller VC-1 operates, through JC-1 and a solenoid valve (VE-1),
either a steam valve (DOV-1) or an air valve (DOV-2) which in turn operates
jet J-1. A pressure switch (PAS-2) in the steam line to valve DOV-1
operates VE-l; thus when the steam pressure drops below 85 lb./sq.in. gage,
the air signal from VC-1 is switched from valve DOV-1 to valve DOV-2 allow-
ing air pressure to operate jet J-1.

A selector switch located on the graphic panel allows the 6-in. jet
to be operated by steam or air, although normal operation is with steam.
Manual controller VC-2 through JC-2 operates the steam valve (DOV-5)
which in turn operates the jet J-2.

A diaphragm-operated control valve (DOV-11), which is controlled by a
manual controller (VC-3), bleeds cell air into the Dissolver. If high
pressure occurs in the Dissolver, a pressure switch (PAS-1), attached to the
low-pressure weight-factor dip tube, energizes a solenoid valve (VE-4)
located in the air- signal line to valve DOV-ll. VE-4 is a three-port'
valve: one port goes to DOV-li; one po't is vented to atmosphere; and
the third goes to the manual controller (VC-3). When VE-4 is energized,
the air signal from VC-3 is blocked off, the air pressure applied to valve
DOV-ll is vented to atmosphere, and the valve closes. PAS-1 also operates
a high-pressure alarm light (PAL).

2. Uranium and Waste Concentrators

The HCP, ICU, and 2EU Concentrators, and the No. 1 and No. 2 Acid
Concentrators are equipped with safety devices which are designed to
protect against high or low steam pressure, over-concentration as evidenced
by low weight factor or high temperature, and overloading as evidenced by
high weight factor. The instrument system operating the safety devices is
shown schematically in Figure XVII-lO.

Steam-pressure control: Each uranium and waste concentrator has two
identical steam-flow systems to each chest. The operation of one system is
as follows. A pressure switch (PIAS-1), attached to the steam line entering
the chest, actuates relays RL-1 and RL-2. When the steam pressure rises
to a specified value (Figure XVII-lO), RL-2 is energized and operates a
high-pressure alarm light (PAL-2) and de-energizes solenoid valve VE-1
which closes the steam valve DOV-i. When the steam pressure drops to a
specified value (Figure XVII-lO) RL-1 is energized and (a) operates a
low-pressure-alarm light (PAL-1); (b) de-energizes solenoid valve VE-1,
which closes the steam valve DOV-1; (c) de-energizes solenoid valve VE-2
opening valve DOV-2, thus pressurizing the steam line with air (as a
precaution against back-up of radioactive solution to a "cold" zone in
case of a leak); and (d) de-energizes solenoid valve VE-5 which closes the
bypass around the steam trap. A push button has to be pressed to reset the
PIAS-1 contacts in order to restart steam flow.

1MW
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Liquid-level controls: Each concentrator is equipped with alarms which
are activated by either low or high liquid level and provision is included
for shutting off the steam at low liquid level to prevent overconcentration.
The liquid-level alarm switches WFAS-1 and WFAS-2 are attached to the weight-factor and specific-gravity dip tubes. WFAS-1 is attached across the high
and low-pressure weight-factor dip tubes, and WFAS-2 is attached across
the low-pressure specific-gravity dip tube and the low-pressure weight-
factor dip tube. When the weight factor drops to a specified value
(Figure XVII-10), WFAS-1 operates a low-weight-factor alarm light (WFAL-2)and at a lower weight-factor value WFAS-2 (a) operates a low-weight-
factor alarm light (WFAL-1); (b) energizes relay RL-3, which de-energizes
solenoid valve VE-1 and closes the steam valve DOY-1; and (c) energizes
relay RL-4 on the second steam-flow system which operates instruments
similar to RL-3. When the weight factor rises above a predetermined value(Figure XVII-10) WFAS-1 activates a high-weight-factor alarm light (WFAL-3).

Temperature control: Two resistance elements (TE-1 and 2), located in
the bottom effluent line, are connected through a selector switch (SS) to
an electric-to-pneumatic converter. The converter sends an air signal
to two temperature alarm switches (TAS-1 and 2), an indicator and recorder.
When the temperature rises above a specified value (Figure XVII-10),
alarm switch TAS-1 operates a high-temperature alarm light (TAL-1) and
energizes relays RL-3 and RL-4 which shut off the steam flow to the chest.TAS-2 operates a high-temperature alarm light (TAL-2) and is set to operate
at a slightly lower temperature than TAS-1 (Figure ZvII-10) to attract
attention before the steam flow to the chest is shut off. The alarm-
switch signal-air-pressure range is 3 to 15 lb./sq.in.ga. The lowest
pressure corresponds to the low end of the recorder temperature range; thehighest, to the high end of the temperature range. The signal-air-pressure
setting for any desired temperature for the alarm switches may be calculated
in accordance with the following example, for TAS-l on the HCP Concentrator

Low end of range: Signal air: 3 lb./sq.in.ga.
Recorder temp.: 00C.

High end of range: Signal air: 15 lb./sq.in.ga.
Recorder temp.: 1500C.

Desired alarm temperature setting: 12900.

Therefore, required alarm signal-air pressure

3 + 15 - x 129 = 13.3 lb./sq.in.ga.
150 -0

3. Plutonium Concentrators and Stripper

The No. 1 and No. 2 Pu Concentrators and the Pu Stripper are equipped
with safety devices which are activated by high and low steam pressure and
low weight factor. The instrument system controlling these devices is
shown in Figure XII-11.
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A pressure switch (PIAS) attached to the steam line entering the chest
actuates relays RL-1 and RL-2. When the steam pressure rises to 29 lb./sq.in.
gage, relay RL-2 is energized. The relay de-energizes solenoid valve VE-1
to close the steam valve DOV-l and operates a high-pressure alarm light
(PAL-2). When the steam pressure falls to 10 lb./sq.in.gage the PIAS
energizes RL-1, which in turn (a) de-energizes solenoid valve VE-1 to close
the steam valve DOV-1, (b) de-energizes solenoid valve VE-2 to open valve
DOV-2 thus pressurizing the steam line with air, and (c) lights a low-
pressure alarm light (PAL-1).

A weight-factor alarm switch (WFAS) at a specified value (Figure
XVII-li) lights a low-weight-factor alarm light (WFAL) and de-energizes
solenoid valve VE-i to close the steam valve DOV-1.

4. Waste Rework Tank

The safety devices on the Waste Rework Tank are similar to those on the
uranium and acid concentrators. This vessel, however, uses a coil for
heating rather than a steam chest and has controls on steam, water, and
air flow to the coil. Figure XVII-12 shows a schematic drawing of the
instrument system operating the safety devices.

The pressure alarm switch (PIAS-1), the weight-factor alarm switches
(WFAS-l and 2), and the temperature alarm switches (TAS-1 and 2) operate
the same as their counterparts described in Subsection Il except that
relays RL-1 and 2 operate alarm lights and, instead of operating solenoid
valves directly,-operate relay RL-3 which, through a valve selector switch
(VS), (a) energizes solenoid valve VE-1 to close the steam valve DOV-1,
(b) energizes solenoid valve VE-2 to close the water valve DOV-2, (c) energizes
solenoid valve VE-3 to open the air valve DOV-3 to pressurize the coil line
with air, and (d) energizes solenoid valve VE-4 to close the bypass around
the pressure-reducing valve on the coil effluent.

5. Acid Fractionator

The acid fractionator is equipped with safety devices which are activated
by low weight factor. The instrument system controlling these devices is
shown in Figure XVII-l.

A pressure switch (PIAS) in the steam line energizes a relay. When
the steam pressure drops to 15 lb./sq.in. gage, the relay (a) operates a
low-pressure alarm light (PAL) (b) de-energizes solenoid valve VE-1 to close
the steam valve DOV-1, (c) de-energizes solenoid valve VE-2 to open DOV-2
to pressurize the steam line to the fractionator with air, and (d) de-
energizes solenoid valve VE-3 thus closing the steam-trap bypass.

6. In-Line Blending System

Heating and addition of nitric acid to the HCX, ICX, and 2EX streams
is accomplished and controlled by the instrument systems shown schematically
in Figure XVII-5.

a 7':aa
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The system consists of (a) a steam injector having a steam supply
which is controlled by a self-acting temperature-regulating valve,
(b) a pneumatic rotameter system which controls the demineralized water
flow to the steam injector, and (c) a metering pump which controls the
nitric acid flow that is added at a point downstream from the steam
injector. The temperature bulb that actuates the temperature-regulating
steam-addition valve is located downstream from the nitric addition line.
Another bulb and capillary-tubing temperature-indicating system, which
is located at approximately the same spot, actuates an alarm switch that
operates high and low temperature lights located on the graphic panel.

The 2BX system is s-imilar to that described above, except that the
steam injector is replaced by a heat exchanger and a pneumatic rotameter,
rather than a metering pump, controls the flow rate of the 2BX stream.

J. TRANSMITTING ELEMENTS

1. Function of Transmitting Elements

Transmitters are needed for signal amplification when the distance
between the sensing element and its receiver is great and also when it
is desirable to use another form of energy for transmission than that
obtained from the sensing element.

Transmitters determine the magnitude of the variable sensed, con-
vert it to the desired energy form for transmission such as electrical
or pneumatic pressure, amplify it, and then send it to a receiver in the
Control Boom.

2. Pneumatic Transmitters

2.1 Republic transmitter (IT, SGT, FT)(3 6 > 37)

Application: The Republic differential-pressure pneumatic transmitter
is a component of the instrument systems used for measurement of interface
position, specific gravity and on those orifice-meter systems that are
reset by another controller, making it necessary to convert the square-
root function of the orifice system to a linear function.

Principle: The Republic transmitter operates on the force balance
principle. Its functioning may be explained by reference to the sketch
below.
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SCHEMATIC SKETCH OF REPUBLIC TRANSMITTER
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A pressure differential, developed across the measuring diaphragm, produces
a force which acts against one end of a pivoted weigh beam. On the opposite
end of the weigh beam there is a reaction diaphragm chamber which opposes the
force. The position of a throttle tip (flapper plate) attached to the
reaction-chamber end of the weigh beam determines the amount of air flowing
from a bleed nozzle. The flow of air (20 lb./sq.in. gage) to the bleed
nozzle is restricted by an orifice that is smaller in diameter than the
bleed nozzle. The chamber between the bleed nozzle and the orifice restriction
is connected to the reaction diaphragm and also to the pressure recorder on
the graphic panel. As the throttle tip approaches the bleed nozzle a back
pressure is built up in the reaction chamber and the pressure recorder to
just oppose the force developed by the measuring diaphragm.

The square-root extracting transmitter is similar in operation to the
one described above except that the reaction mechanism consists of a
mercury-sealed bell on an auxiliary reaction diaphragm. The mercury-
sealed bell is attached to _the main reaction diaphragm and is vented to
atmosphere. The lower end of the bell is submerged in mercury, which buoys
up the bell, and produces an upward thrust which adds to that produced on
the reaction diaphragm by the output- pressure. As the output pressure
increases, however, the mercury will be depressed around the outside of the
bell and will rise inside, with a consequent decrease in buoyancy of the
bell. As the bell loses buoyancy, its weight must be supported by the
reaction diaphragm and, therefore, subtracts from the upward force produced by
the reaction diaphragm. The bell is shaped so that the variation in buoyancy
with changes in output pressure produces an output pressure proportional to
the square root of the differential pressure on the measuring diaphragm.

Description: The body and all metal parts in contact with the process
fluid are carbon steel. The measuring and reaction diaphragms are fabricated
of Hycar, a synthetic rubber. The bellows seal on the measurement side of
the weigh beam is stainless steel.
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The total movement of the throttle tip is less than 0.002 in. The
air supply from the transmitter to the recorder is 3 to 15 lb./sq.in.
gage, proportional to the measured variable.

A suppressed range can be obtained by the addition of weights or
spring adjustment on the measuring-diaphragm side of the weigh beam. Thus
for interface-position or specific-gravity measurements the useful range
of the instrument can be increased, and instead of a specific-gravity
range of 0 to 2.0, the range could be suppressed to 1.0 to 2.0.

2.2 Foxboro D/P Cell (FT, WFT, DpT, pT)(38Jfl)

Application: The Foxboro differential-pressure pneumatic transmitter
is used for the measurement of weight factor, differential pressure, gauge
pressure, and for those flow measurements where it is not necessary to
change the square-root function of an orifice system to a linear function.

Principle: The operating principle of the Foxboro D/P Cell is
essentially the same as that of the Republic transmitter. A differential
pressure across the measuring diaphragm produces a force which is transmitted
through a force bar to a range rod. The range rod imposes on a flexure-
pivoted intermediate lever a force exactly proportional to the differential
pressure on the measuring diaphragm. The intermediate lever moves a
flapper plate toward or away from a bleed nozzle and changes the pressure
in the feed-back bellows, which is attached to the intermediate lever.
Such changes balance the force imposed by the range rod on the intermediate
lever to maintain the lever in a fixed position. The pressure in the
bellows is always exactly proportional to the force applied to the range
rod, which in turn is exactly proportional to the differential pressure
on the measuring diaphragm. The pressure in the bellows is that supplied
to an indicator or recorder on the graphic panel.

Description: A simplified sketch of the D/P Cell is shown below.
The body and all parts in contact with the process fluid are carbon steel
or stainless steel depending on service. The diaphragm is fabricated
of Type 316 stainlesa--steel in all cases. The flexure tube supports the
force bar and the range rod and, through a lapped surface, serves as
a process line seal. There are two vent valves, one on each side of the
measuring diaphragm at the top of each chamber, for venting the chambers
of gases. Zero suppression can only be obtained by external devices.

0s
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SCHEMATIC SKETCH OF FOXBORO D/P CELL

Cross Intermediate Lever

Bellows Range Adjustment

Air Rey Range Rod

Flexure Tube

Air Supply
Lapped Seal Surface

To Receiver

Bleed Nozzle Force Bar

Flapper Plat Measuring Diaphragm

2.3 Minneapolis Honeywell transmitter (PT)( 4 2)

Application: A Minneapolis Honeywell (formerly known as Brown) non-
indicating pneumatic-pressure transmitter is used to measure the discharge
pressure of certain "cold" pumps and the "hot" pumps in the organic treat-
ment cycle where the radioactivity will be low.

Principle: The pressure is measured by a Bourdon-tube gage (Subsection
c4) and is converted by a pneumatic transmitter to a 3 to 15 lb./sq.in. gage
air signal.

Description: The transmitter consists of a flat spiral Bourdon-tube
gage, which through mechanical linkages is attached to the flapper assembly
of the pneumatic transmitter. A non-bleed type pilot relay amplifies the
signal from the pneumatic transmitter and sends it to an indicator on the
panel board.

2.4 Moore transmitters (PT) (3

Application: A Moore pneumatic-pressure indicating transmitter is used
to measure the pressure in the steam line to the coil of the Dissolver
Off-Gas Heater. A Moore Nullmatic pressure regulator is used as a pressure
transmitter for measuring the pressure in jet or coil lines.

Principle: The pneumatic pressure indicating transmitter measures the
pressure with a Bourdon-tube gage (Subsection C4) and converts it with a
pneumatic transmitter to a 3 to 15 lb./sq.in. gage air signal.
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The Nullmatic pressure regulator is a pressure controller that
utilizes a pneumatic "null" balance system in which the main valve is
operated by a pilot nozzle and through diaphragm and spring adjustments
forces are balanced. These regulators transmit a 1:1 signal as compared
to the signal sensed.

Description: The pneumatic pressure-indicating transmitter consists
of a Bourdon-tube gage which through mechanical linkages moves an indicator
pointer and the flapper plate assembly of the pneumatic transmitter. The
transmitter operates an air relay that transmits a 3 to 15 lb./sq.in.
gage signal to an indicator on the panel board.

The pressure regulator is installed backwards to normal installation;
that is, the 85 lb./sq.in. gage air supply is connected to the regulated-
air output port, the coil or jet-line pressure tap is connected to the
vent port, and the transmitting line to the pressure indicator on the
panel board is connected to the air supply port. Since the accuracy of
transmission is adequate for the service, a low-price pressure regulator
can be used in this way in place of a high-price transmitter.

The transmitter has a normal range of 0 to 70 lb./sq.in. gage output
for a 0 to 70 lb./sq.in. gage input signal. On some installations where
vacuum and pressure are measured, a biasing mechanism (spring adjustment)
adds 15 lb./sq.in. gage to the input signal such that the output is always
5 lb./sq.in. gage higher than the input. Th6 signal output of the
transmitter is 0 to 85 lb./sq.in. gage for a minus 15 lb./sq.in. gage
to plus 70 lb./sq.in. gage input signal.

3. Electrical Transmitters

3.1 Capacitance bridge (Fielden)

Application: The capacitance bridge is used in conjunction with a
capacitance probe for interface-position measurements in the 2A Column.

Principle: The capacitance bridge (Telstor) consists of an oscillator
circuit operating at a frequency of approximately 500 kilocycles per second,
modulated by the supply voltage. The circuit is as follows:

W0
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CAPACITANCE-BRIDGE CIRCUIT

Rectifier

R2
Cl

R

C2

Probe

Milliammeter

Rejector

Oscillator
Voltage

C2

Ri
R2
R3

- Zero balancing capacitor (zero adjust #1)
- Probe and lead wire capacitance and

resistance
- 5000-ohm range adjustment (calibration dial)
- Phase-adjusting resistance (zero adjust #2)
- 50-ohm resistor across which the 0 to 50 mv.
signal is obtained for the electric-to-
pneumatic converter.

As shown in the circuit diagram above, the radio-frequency voltage is applied
to a modified Wein-type inductance-capacitance bridge. A rectifier circuit,
range resistor, and milliammeter are used to determine if the bridge is
balanced or unbalanced. The bridge is initially adjusted so that the milliam-
meter reads zero when the probe is covered with air and full scale when
covered with aqueous aolution. As the interface position varies on the probe,
capacitance of the probe changes and the bridge is unbalanced by an amount
which is indicated on the milliammeter.

Description: A zero balancing capacitor, phase-adjusting resistance,
and an inductance coil comprise one side of the bridge, and the capacitance
and resistance of the probe and lead cable and an inductance coil comprise
the other side of the bridge. The maximum capacitance of the probe and cable
which can be expected to give good operation with the Teletor is approxi-
mately 800 micromicrofarads. A second requirement is that the probe must

ao. m
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show a capacitance change of at least 100 micromicrofarads on changing the
medium from air to aqueous phase. In certain installations it may be neces-
sary to put a 100 or 200-micromicrofarad capacitor in parallel with the
zero adjust #1 (Ci) in order to balance the probe in air to a zero meter
reading.

3.2 Radiation-level amplifier (Beckman, Model V) (RA) 44' 45)

Application: The Beckman, Model V amplifier is used in conjunction
with an ion chamber to measure the radiation level of a vessel or surround-
ing area.

Principle: The minute current developed in the ion c mber is con-
ducted through a very high input resistance, 3 x io7 to 10 ohms depend-
ing on the current range. The voltage produced across this resistance
changes a vibrating-reed capacity modulator, oscillating at 120 cycles
per second, which converts the voltage to an alternating-current signal.
The A.C. signal passes through a four-stage amplifier and is then converted
back to direct current for measurement.

Description: The Beckman amplifier can be changed in thirteen steps
from 3 x l0-li to 3 x io-7 amperes for full-scale deflection. A voltage
drop of 0 to 50 millivolts direct current, caused by flow of the amplified
current through a separate fixed resistor, is transmitted to a standard
potentiometer recorder.

3.3 pH amplifier (Beckman, Model W) (pHA)(46)

Application: The Beckman pH amplifier is used in conjunction with
pH electrodes in measuring the pH of process solutions.

Principle: The amplifier is a null-type instrument based on the
potentiometer principle whereby the input voltage (developed by the
electrode sensing elements) is balanced by an equal opposing voltage.

Description: In order to determine the pH from the difference in
potential of two electrodes, the voltage must be measured without allow-
ing any appreciable current to flow from the cell; otherwise the voltage
will change due to polarization effects at the electrode. The maximum
current drawn from the electrodes by the amplifier is one micromicro-
ampere; hence, freedom from electrode polarization is assured. The
amplifier sends a 0 to 50 millivolt direct--current signal to an electric-
to-pneumatic convert-er.

3.4 Counting rate meter (SC)

Application: A counting rate meter is used with a scintillation
counter element when installed as a pulse-type unit.
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Principle: The pulses, from the pre-amplifier of the scintillation-
counter element, are applied to a frequency-metering circuit which is
calibrated to indicate the average pulse rate in counts per minute.

Description: The General Radio Company, Type 1500-B, counting rate
meter has ranges of 200, 600, 2000, 6000, and 20,000 counts per minute.
There is a 5-milliamp. panel jack into which a circuit is plugged that
provides a 0 to 50-mv. signal. The signal goes to an electric-to-pneumatic
converter.

4. Electric-to-Pneumatic Converters (CVT)(4 7)

Electric-to-pneumatic converters are used in the Purex Plant to con-
vert an electrical signal to a proportional 3 to 15 lb./sq.in. gage air
signal. The converters are located behind the panel boards in the Central
and Head-End Control Rooms. The use of these converters allows the same
type of pneumatic miniature indicator and/or recorder and/or controller to
be used on the graphic- panel for any process variable.

4.1 Rotameter converter (Fischer and Porter)

Application: The converter forms an impedance bridge with an electronic
rotameter and changes the electrical signal-to an air signal.

Principle: The rotameter transmitter consists of a pair of inductance
coils in which a soft iron armature (stainless-steel clad) moves in response
to flow rate. A similar pair of induction coils and soft iron armature (not
stainless-steel clad) are located in the converter. . These systems are
connected to form two parallel circuits with a common center lead. The outer
leads are connected via a step-down transformer to a source of alternating
current, while the center lead connects to an amplifier which controls a
reversible motor. When the transmitter and receiver armatures are in
corresponding positions in the coils, the impedance in each of the two
circuits is approximately equal and no current flows through the center
lead. However, as soon as the transmitter armature moves due to flow-rate
change, the impedance of the transmitter coils changes and causes a small
current to flow in the center lead. The amplifier detects the magnitude
and phase relationship of this current, amplifies it, and uses it to energize
the reversing winding of the motor. The other winding (reference) of the
motor is energized from a steady source of alternating current supplied
through a capacitor to provide proper phase relationship. Through mechanical
linkages the motor operates the receiver armature, moving it vertically in
or out of the receiver coils to bring the impedance bridge back into balance.

Description: The converter is matched with a given rotameter trans-
mitter or a select group and should only be used with those specified;
otherwise the calibrations are meaningless. The pneumatic transmitter, which
sends a 3 to 15 lb./sq.in. gage air signal proportional to the flow rate to
a receiving element, is attached to the receiver armature linkages.
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4.2 Temperature converter (Minneapolis Honeywell)

Application: The converter forms a Wheatstone bridge with a resistance-
thermometer sensing element and changes the electrical signal to an air
signal.

Principle: The amplifier conversion stage converts the unbalance
direct-current bridge voltage (due to resistance changes of the temperature
element) to a proportional alternating-current voltage. The voltage
amplifier multiplies the A.C. voltage so that it can be used to control the
power-amplifier output which delivers power to the balancing motor. Both
the phase and the magnitude of this driving powier are directly controlled by
the amplifier A.C. voltage. The balancing motor recognizes the phase of
the driving motor and balances the bridge accordingly by moving the slide-
wire contactor.

Description: The converter consists of detecting, amplifying, and
transmitting elements. The detecting and amplifying elements contain four
units: (a) a conversion stage, (b) a voltage amplifier, (c) a power
amplifier, and (d) a balancing motor. The balancing motor also operates
a gear segment which is linked to a pneumatic transmitter. The transmitter
sends an air signal to a receiver.

4.3 Scintillation, pH, and capacitance converters (Minneapolis Honeywell)

Application: The converter is a potentiometer and also changes the
0 to 50 millivolt signal from a scintillation-element amplifier, pH amplifier,
of capacitance bridge to an air signal.

Principle: The potentiometer opposes an unknown voltage with a known
voltage. The known voltage is varied by the movement of a contactor along
a slidewire, across which a battery voltage is impressed. At balance, the
two opposing voltages are equal, and no current flows in the balancing
circuit. A detection and balancing system determines unbalanced condition
and makes the necessary corrections to rebalance the system.

Description: The balancing system and pneumatic transmitting systems
are the same as described under J4.2, above.

K. RECEIVING AND CONTROLLING EIMNTS

1.1 Graphic panel indicators (DPI, FI, PI, TI, WFI)

Fischer & Porter, drum-type vertical gages (3 to 15 lb./sq.in. gage)
are used on all weight-factor and differential-pressure instruments requir-
ing indication on the graphic panel.

Moore, round-dial, Bour&on-tube-type gages (3 to 15 lb./sq.in. gage)
are used on all pressure, temperature, and flow installations for indica-
tion of the variable on the graphic panel.

fl4 A
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Standard Bourdon-tube pressure gages are used for graphic panel indication
of service-line pressures such as steam, water, air, and instrument air.

1.2 Local indicators (WFI, PI)

Manometers are used for weight-factor indication where it is required
near a vessel or on a local panel.

Standard Bourdon-tube pressure gages are used locally to measure steam,
water, air, and pump discharge-line pressures.

2. Indicator-Controllers (WFIC, FIC, pIC)(5, 58)

Application: Foxboro Consotrol indicator-controllers are used to
indicate and control weight-factor, flow, and pressure systems.

Principle: The variable is measured by a 3 to 15 lb./sq.in. gage
bellows which through linkages operates a pneumatic control system that
delivers an air signal to the controlled element to maintain the measured
variable at a desired value.

Description: The instrument is composed of two parts: a lower unit
which is equipped with an automatic-manual selector valve, a manual loader,
and a pressure gage; and an upper unit which is equipped with an indicating
pointer and a control set pointer on a vertical 0 to 100 division linear
scale or a 0-10 division square-root scale. With the selector valve set in
the manual position, the controlled element is pneumatically operated by
adjustment of the manual loader and the pressure to the element is indicated
on the pressure gage. With the selector valve in the automatic position,
the control set pointer is adjusted to the desired reading and the controller
automatically varies the air output to the control element to give the desired
indicator reading. The pressure to the control element is indicated on the
pressure gage. Additional information pertaining to such control functions as
proportional band, reset,and derivative are included in Subsection K4.

3. Recorders

3.1 Graphic-panel recorder (FR, WFR, SGB, TR, DPR, R, pHR, PR)(59)

Application: Foxboro Consotrol recorders are used where it is required
to have a record of a variable on the graphic panel and the signal being
received is 3 to 15 lb./sq.in. gage.

Principle: Each recording pen is operated through linkages by a 3 to 15
lb./sq.in. gage bellows receiver.

Description: The consotrol recorder has either one or two recording
pens depending on the service. A 4-inch-wide strip chart with either
0 to 100 linear or 0 to 10 square root graduations is used.

41.: _
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3.2 Standard recorder (R, CRR)(6o, 61)

Application: Standard potentiometer-type recorders are used on radia-
tion level and on counting rate meter installations.

Principle: A 0 to 50-millivolt direct-current signal is measured by
a potentiometer system.

De6 ription: The record has from one to 4 points recorded on one
pen depending on service. A 12-inch-widechart with 0 to 100 linear
graduations is used. The balancing and detecting system is the same as
described for the electric-to-pneumatic converter, under J.)3.

4. Recorder-Controllers (FRC, IRC, WFRC, SGbRC, mC, PHC)(62)

Application: All recorder-controllers are miniature Foxboro type
and are mounted on the graphic panels in the central and head-end control
rooms. They are used to record and control flow rate, interface position,
weight factor, specific gravity, temperature, and pressure.

Principle: The variable is measured by a 3 to 15 lb./sq.in. gage;
bellows receiver which operates through mechanical linkages a recording
pen and a pneumatic control system that delivers an air signal to the con-
trolled element (usually a valve) to maintain the measured variable at a
desired value.

Description: Control functions have been added to the recorder
described under 3.1. The controlset pointer has a vernier drive and
is located near the top of the recorder-controller case. When the con-
troller is in the "automatic" position, this pointer is set at the
desired recorder reading as readon the scale above the chart, and when
the controller is in the "manual" position, the set pointer is set at the
air loading pressure, as read on the uppermost scale, to be delivered
to the controlled element. The scale above the control set pointer
indicates the pressures being delivered to the controlled element when
the controller is either on "manual" or "automatic".

The "automatic-manual" selector switch is a lever-operated 3-position
slide valve with a positive stop in the "seal" position and is located
near the bottom of the recorder-controller case. To switch from "automatic"
to "manual" control, first move the selector switch to the "seal" posi-
tion. This closes the seal valve and isolates the pressure in the con-
trolled element. The control set pointer is then moved to coincide with
the indicator for the- pressure to the controlled element. This exactly
matches the output pressure from the control-set-pointer unit with the
pressure to the controlled element. The selector switch is then moved to
the "manual" position and applies the desired output pressure directly to
the controlled element, and the output pressure can now be changed by
moving the control set pointer to any desired indicated-pressure reading.
To transfer from "manual" to "automatic", move the selector switch to the
"sea" position, thereby isolating the pressure to the controlled element
and connecting the output from the "control-set-pointer unit" to the
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"controller-set unit". The control set pointer is then moved to coincide
with the measurement pen reading, which exactly matches the "set" pressure
to the "measurement" pressure. The selector switch is then moved to the"automatic" position which opens the seal valve and connects the controller
output to the controlled element.'

The controller has the following devices for improving control:

The proportional-band adjustment is located at the middle and top of
the control unit and is adjustable from 0 to 200%. The proportional-band
setting determines the amount of pen movement, expressed as per cent of
the full-chart scale, necessary for the control-air output to change from
3 to 15 lb./sq.in. gage. For example, for a proportional-band setting of
50% and a chart scale of 100 divisions, a control-air output of 3 to 15
lb./sq.in.ga. corresponds to a maximum pen movement of 50 chart divisions,
with the position of this range on the chart determined by the position
of the set pointer. In the absence of a reset adjustment the process
variable can cause the pen to stabilize at any point within its range of
movement, not necessarily at the position of the set pointer. The smaller
the proportional band setting the smaller the zone in which the process
variable can stabilize. On any particular application, however, the
proportional band can be reduced only to a certain point, below which the
controller will cycle.

The reset adjustment is located at the top right hand corner to the
back face of the control unit and is adjustable between 0.2 and 100.0
repeats per minute for FEC, IRC, and PRC and between 0.02 and 20.0 repeats
per minute for TRC, WFRC, and SGRC. The reset function can only be installed
in a controller that has the proportional-band function. The reset function
permits the valve position pen measurement relationships to change. This
relatidnship changes whenever the measurement pen is not precisely at the
control point. The change in valve position is in a direction to return the
measurement pen to the control point and occurs at a predetermined rate.
With a given setting, reset rate is proportional to the amount of deviation
of the measurement pen from the control set point but continues only so long
as any deviation exists. The primary function of reset is to eliminate
measurement-pen deviation from the control set point due to load changes
in the process system.

The derivative function is also added to some of the controllers and
is located at the top left-hand corner to the back face of the control
unit. Depending on the service it is adjustable 0.008 to 8.0 repeats per
minute or 0.05 to 50.0 repeats per minute. The derivative function can
only be installed where there is proportional-band function or proportional-
band-plus-reset functions. Derivative action is proportional to the rate of
change to the process variable and provides a greater or less signal to the
control valve to bring the process under control faster whenever there is
a load change. This function is usually used whenever there is a large
dead time or transfer lag in a process system.
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Also on some controllers (slave) that are reset by another controller
(master) a Pneunaticset bellows is installed along with the other control
functions. This bellows moves the set pointer (which is floating free
instead of being attached to a vernier drive) of the recorder-controller
in order to maintain a given value on the master controller.

5. Integrators

5.1 Pneumatic integrator (Fischer & Porter) (FIX)( 6 3)

Application: Pneumatic-integrator indicators are used whenever a
record on the total volume of steam or water flow is desired.

Principle: The surface of a cam represents the calibration of the
primary instrument on polar coordinates and is rated to a given position
for each pressure value of the receiving element. At intervals of 2.5
seconds a sweep arm moves from its zero position through an arc whose
angle is limited by the striking of the sweep arm against the cam suiface.
The angular length of the sweep arm's return stroke determines the amount
of the integrator count.

Description: The receiving element has a 3 to 15 lb./sq.in. gage
bellows. The instrument gives an indication of the instantaneous value
of the process variable on a vertical scale and gives total flow on a
mechanical digital counter.

5.2 Electric integrator (Sperry) (FX)( 6 )

An electrically actuated integrator is used on the graphic panel
to give total flow as measured through displacement meters. A solenoid
armature strokes a mechanical digit counter once for each closing of the
solenoid field contAct which is actuated by a switch on the displacement
meter for each gallon that goes through the meter.

6. Manual Controllers (Pamellit) (Vc)( 6 5)

Manual controllers are used to provide 3 to 15 lb./sq.in. gage air
pressure to diaphragm-operated control valves. The controller is an
adjustable pressure-regulating valve with a vertical dial to indicate the
output pressure. The dial has two scales: 2 to 15 lb./sq.in. gage units
on the left-hand side, and 0 to 100% (with 0% at the 3 lb./sq.in. gage
value) on the right-hand side.

7. Self-Acting Regulating Valves (Fulton Sylphon) (TRV)( 6 6 , 67)

Application: Self-acting regulating valves are used to regulate
temperature of certain lines or vessels in non-radioactive zones.
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Principle: When the temperature at the sensing bulb rises, part of
the liquid in the bulb vaporizes and builds up the pressure in the bellows
on the valve. Increased pressure in the bellows moves the plug stem so
that less steam flows to the process thus causing the temperature to fall.

Description: A temperature bulb, filled with vapor, is connected by
capillary tubing to a bellows which is connected to the plug stem of the
regulating valve. The temperature can be adjusted over an approximate 600F.
spread.

8. Metering Pumps and Displacement Meters

The metering pump is described in Subsection B6 and the displacement
meter in By.

9. Remote Set-Pointer Ad~lusting Unit (ASP)( 6 8)

Application: The remote set-pointer adjusting unit (ASP) is usually
used on those control systems where one controller resets the control set
pointer of another controller.

Principle: The set-point adjusting unit is a pneumatic controller that
is used to adjust the set pointer of a slave controller. It is identical
to the slave controller (Subsection K4), except that the reset and Pneumatic-
set bellows have been replaced with calibrated springs. The proportional-
band adjustment on the front of the unit is calibrated in ratio settings.

The ASP unit receives a 3 to 15 lb./sq.in. gage air signal from a
master controller, and transmits a 3 to 15 lb./sq.in. gage air signal to
a Pneumaticset bellows in the slave controller. The Pneumaticset bellows
changes the position of the set pointer and thereby changes the variable
controlled by the slave controlled in such a manner that it is kept in a
desired ratio to the variable controlled by the master controller.

Description: The output signal of the ASP unit goes through an
automatic-manual switch that is located between the ASP unit and its recorder-
controller. This switch allows the set pointer on the slave recorder-controller
to be moved automatically by the master controller (Pneumaticset) or by
a manual loader (manual set) which operates independently of the master con-
troller.

In either case the slave recorder-controller would be on automatic
control and will automatically adjust the air output to keep its recording
pen in agreement with the control set pointer. The slave recorder-controller
itself can also be put on automatic or manual control by adjusting an
internal.switching device (Subsection K4). If the recorder-controller is
placed on manual, its air output is controlled by moving its set pointer
pneumatically with the manual loader of the ASP switch unit.

On some installations, where only one slave controller is controlled
by a master controller, the ASP unit is omitted but the switching unit
with Pneumaticset .and "manual set" is used.

1,, ,
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L. CONTROLLED EIEMENTS

1. Diaphragn-Operated Valves

1.1 Canyon valves (Hammel-Dahl) (DOV)

Application: Diaphragm-operated valves are used on all process
streams to regulate remotely fluid flow between process equipment pieces.
Some of the valves are throttling and others are on-off in operation.

Principle: The air pressure is varied in a chamber bounded by a
flexible diaphragm-.-- The valve stem, attached to the diaphragm, moves with
it, under the pressure variations. The moving stem, in turn, moves the
valve plug toward or away from its seat, decreasing or increasing the port
area and, hence, the flow rate through the valve. High air pressure opens
or closes the valve, depending on adjustment, as indicated below (under
Description).

The flow formulas are:

Liquid: Flow rate, in gal./min. = CP

Steam: Weight rate, in lb./hr. = 63 C

Gas: Q = 1360 c
460 + OF)G

where Cv is the flow coefficient of the valve and is defined as
the flow in gal./min. of water produced-by a one lb./sq.in. pres-
sure drop across the valve at any valve plug lift. The valve
flow coefficient -ith the plug at maximum lift (open) expresses
the port area of the valve and is used to state the valve capacity.

AP is the pressure drop across valve in lb./sq.in.
G is specific gravity.
Q is cubic feet per hour at 600F. and 14-.7 lb./sq.in. absolute.
V is specific volume of inlet steam.
P is inlet pressure in lb./sq.in, absolute.

Description: A schematic drawing of an air-operated Haamel-Dahl valve
is shown in Figure XVII-13. The body is designed to allow complete drain-
age iwhen the plug is off the seat ring. The valve has a single-seat
plug with provision for-easy removal of both the plug and seat. A welded
leaf-type stainless-steel bellows is attached to the plug stem and is so
installed that the process solution comes in contact with only the out-
side of the bellows. There is an auxiliary teflon stem seal called a
"Dahl seal" above the bello-s seal. This seal requires a high surface
finish and should only be installed by the factory. There is an opening
to the atmosphere between the Dahl seal and the diaphragm chamber to
allow the process solution to drain to the Canyon floor instead of coming
up the air signal line to a "cold" zone if both seals should fail. The
diaphragm chamber is so designed that the valve action can be changed from
air-to-open to air-to-close by positioning the spring adjustment nuts and
changing the air signal from one side of the diaphragm to the other.
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An on-off valve has a quick opening plug and a throttling valve has a

tapered plug, which can be either a linear or equal percentage-type plug.
A linear (parabolic) plug produces a constant change in flow for a unit
change in lift if the pressure drop across the valve remains constant. This
type of plug is used in those cases where the pressure drop in the system
is largely concentrated across the valve and in those cases where the maxi-
mum capacity of the valve will be required. The plug characteristics(% flow vs. % lift) at constant pressure drop across valve are shown below.
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An equal-percentage (ratio, or logarithmic) plug produces_ an equal
percentage change in flow for a unit change in lift (above 2%) if the pres-
sure drop across the valve remains constant. At any position of the plug
when the lift is changed 10%, the flow changes approximately 50% on opening
and 33% on closing. This plug is used in those cases where only a small
fraction of the pressure drop is dissipated by the valve. At low flow
rates, however, it is possible for practically all of the pressure drop
to be concentrated at the valve if necessary. The plug characteristics
at constant pressure drop across the valve are shown above.

The following valve plug sizes, each available in both the linear and
equal-percentage types, are used in the Purer Plant:

Nominal
Valve Plug Size,

Inches

3/16
1/4
3/8
1/2
3/4

1-1/4
1-1/2
2
2-1/2
3
4
6

C0*
for Fully

Open Position

1.0
1.6
2.5
4.o
6.3

10
16
25
4o
63

100
16o
360

1.2 Sample Gallerv valves (Hammel-Dahl) (DOV)

A specially designed Hammel-Dahl valve (Ultra Valve) is used
Gallery installations and is similar to the valve described under
above, except for the following:

for SampJe

(a) The top works is designed only for air-to-open service.

(b) The over-all height of the valve is reduced by making only a
short pipe connection between the diaphragm chamber and the valve
body. This pipe connection has a leakage drain hole so that if
the bellows seal and Dahl seal fail, the process. solution will
not be forced into the diaphragm chamber and then into the control
room.

*) C is flow in gal./min. of water at one lb./sq.in. pressure drop
across valve. Flows at any given pressure drop may be calculated
from these C values by use of the equations presented above (under
Principle). v
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1.3 "Cold" Valves (DOV, Do Valve)

Diaphragm-operated valves SPplisi by Fischer Governor, Hammel-Dahl,
Foxboro, and Kieley-Mueller are used to regulate the flow of non-radioactive
process streams, steam, water, and air. They are globe-type, single-seated
valves, designed for only one type of action: either air-to-open or air-to-
close. The plug stem has a standard packing gland instead of a stainless-
steel bellows seal.-

2. Solenoid Valves (VE) 3

Solenoid valves are installed in air-signal lines to certain diaphragm-
operated control valves so that the valve can be opened or closed by an electri-
cal signal from an alarm switch or relay. The alarm switch or relay is
operated variously by pressure, temperature, weight factor, flow, liquid
level, or power failure.

M. AIARMS( 8 4 )

Pressure-actuated electrical switches are attached to the signal lines
from transmitters, directly to an air-purged dip-tube system, directly to
process lines, or directly to an electrical circuit. The switches operate
an electrical alarm unit and are actuated by weight factor, pressure,
temperature, flow, liquid level, pulse generator, and fire detection elements.

The alarm unit consist of a flashing light and audible alarm, both of
which are off- under normal operating conditions and are activated by abnormal
conditions. A reset button, when actuated, changes the flashing light to a
steady light and shuts the audible alarm off. The steady light will stay on
until the abnormal condition is corrected.
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TABLE XVII-1

INSTRUMNT IEGEND

G
AH

Ale

AMP

ASP

BC

CHR
ORn
CrT

DM

DO

Dov

DPI

DPR

DPT

DS

A
FAL

FAS

FE

FI

FIG

FIIX
FE
FRO

FEC

FT

FI

GG

HO

HOP

InC

Ux

J

Jc

KAL

KAS

HE

LaL

l5to 30-PSIG Instrument Air

Alarm Horn

Ammeter

Amplifier

Adjuster Set Pointer

Brake Control

Counting Rate Recorder

Electric-Pneumatic Converter

Displacement Meter

Diaphragm-Operated Valve (On-Off)

Diaphragm-Operated Valve (Throttling)

Differential-Pressure Indicator

Differential-Pressure Recorder

Differential-Pressure Transmitter

Delay Switch (Timer)

120 t,60 cycle

Flow Alarm Light

Flow Alarm Switch

Flow Element

Flow Indicator

Flow Indicator-Controller

Flow Indicator-Integrator

Flow Recorder

Flow Recorder-Controller

Flow Transmitter

Flow Integrator

Gage Glass

Hydraulic Operator

Hydraulic-Operated Piston

Interface Element

Interface Recorder-Controller

Interface Transmitter

Jet

Jet-Control Station

Fire Alarm Light

Fire Alarm Switch

Fire Element

Level Alarm Light

PI

PIAS

PIC

FMAL

PR

PRO

PS

PT

PV

Pulse

mit
BA

RE

RL

RR

RS

SC

SCE

SE

SEC
SEC
SGI

SGB

SORC

SOT

SI

SPC
Spa
SPK

SIR

SS

SV

TAL

TE

TI

TIAS

TR

TRC

Pressure Indicator

Pressure-Indicating Alarm Switch

Pressure Indicator-Controller

Pulse-Oenerator Motor Alarm Light

Pressure Recorder

Pressure Becorder-Controller

Pressure-Begulating Valve

Pressure Switch

Pressure Transmitter

Snapacting Pilot Valve

Indicator

Purge Rotameter

Radiation Amplifier

Radiation Element

Belay

Radiation Recorder

Beset Switch

25-PSIG Steam

Scintillation Counter

Scintillation-Counter Element

Speed Element

Speed Controller

Specific-Gravity Indicator

Specific-Gravity Recorder

Specific-Gravity Recorder Controller

Specific-Gravity Transmitter

Speed Indicator

Speed Controller

Speaker

Speed Recorder

Selector Switch

Safety Valve (Belief)

Temperature Alarm Light

Temperature Element

Temperature Indicator

Temprature-Indicator Alarm Switch

Temperature Recorder

Temperature Recorder-Controller



DPI Differential-Pressure Indicator

DPR Drnffrential-preusure Recorder

DPT Differential-Pressure Transmitter

DS Delay Switch (Timer)

A 120 V,60 cycle

FAL Flow Alarm Light

FAS Flow Alarm Switch

FE Flow Element

FI Flow Indicator

FIC Flow Indicator-Controller

F37 Flow Indicator-Integrator

FR Flow Recorder

FPC Flow Recorder-Controller

FT Flow Transmitter

Fx Flow Integrator

GG Gage Glass

HO Hydraulic Operator

HOP Hydraulic-Operated Piston

IE Interface Element

IRC Interface Recorder-Controller

IT Interface Transmitter

J Jet

JC Jet-Control Station

XAL Fire Alarm Light

HAS Fire Alarm Switch

KE Fire Element

LAL Level Alarm Light

LAS Level Alarm Switch

LE Level Element

MK Microphone

MP Metering Pump

MS Motor Switch

P Pump

PAL Pressure Alarm Light

PAS Pressure Alarm Switch

PB Push Button

PC Pressure Control

PGAL Pulse.Generator Alarm Light

pHA pH Amplifier

pE pH Element

pR pH Recorder

rn] Purge Rotameter

RA Radiation Amplifier

RBE Radiation Element

RL Relay I

BR Radiation Recorder

RS Reset Switch

@) 25-PSIG Steam

SC Scintillation Counter

SCE Scintillation-Counter Element

SE Speed Element

SEC Speed Controller

SGI Specific-Gravity Indicator

51 Specific-Gravity Recorder

SGC Specific-Gravity Recorder Controller

SGT Specific-Gravity Transmitter

SI Speed Indicator

SPC Speed Controller

SP Speaker

SR Speed Recorder

SS Selector Switch

BV Safety Valve (Relief)

TAL Temperature Alarm Light

TE Temperature Element

TI Temperature Indicator

TIAS Temprature-IndicatOr Alarm Switch

TR Temperature Recorder

TRC Temperature Recorder-Controller

TR' Temperature-Begulating Valve

VO Valve Controller (Manual)

VE Solenoid Valve

Vol, Cont. Volume Control

VP Pneumatic Reversing Relay

VS Valve Selector Switch

WFAL Weight-Factor Alarm Light

WFAS Weight-Factor Alarm Switch

WFI Weight-Factor Indicator

WEIC Weight-Factor Indicator-Controller

WFR Wight-Factor Recorder

WERC Weight-Factor Recorder-Controller

WFT Weight-Factor Transmitter

WOBA Wobble-Meter Amplifier

WOBE Wobble-Meter Element

WOBU Wobble-Meter Recorder
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TABIE XVII-10

REFERENCES TO DETAIL INSTRUMENT INFORMATION

Reference Instrument
No. Symbol Service

Graphic panel
Electronic rotameter
Pneumtic transmitting rotameter
Orifice plates
Orifice plates

Orifice
Orifice
Orifice
Orifice
Orifice

9
10
11
12
13

14
15
16
17
i8

19
20
21
22
23

24
25
26
27
28

29
30
31
32
33

34
35
36
37
38

WFT
DPT, PT
FT
PT
PT

BA
BS
pHA
CVT
F1

DPI
WFI
WI
WFI

SGI, wFI, PI
PI
PI
WFIC, PIC
WFIC

WnT, DPR, SOR,
FB, T, fIn, PER
BERCER
FRC, IRS, WFRC,
SOBC, TRC, MC
FIX

FX
VC
TRV/TE
TRV/TB
ASP

DOV
DOV

plates
plates
flanges
flanges
flanges

Orifice flanges
Calibrated flov units
Metering pump
Displacement meter
Displacement meter

Purge rotameters
Conductivity electrodes
Conductivity electrode alarm
Pressure Bourdon gages
Temperature resistance element

Temperature resistance element
Mercury-bulb temperature indicator
Mercury-bulb temperature indicator
Mercury-bulb temperature indicator
Ionization chambers

Ionization chambers
Microphones
Pneumatic pressure transmitter
Pneumatic pressure transmitter
Pneumatic pressure transmitter

Pneumatic
Pneumatic
Pneumatic
Pneumtic
Pneumatic

pressure
pressure
pressure
pressure
pressure

transmitter
transmitter
transmitter
transmitter
transmitter

Radiation amplifier
Radiation selector switch
if amplifier

Electric-to-pneumatic converter
Flow indicator (gage)

Weight-factor indicator (gage)
Differential-pressure indicator (gage)
Weight-factor indicator (manometer)
eight-factor indicator (manometer)

Weight-factor indicator (micromanometer)

Pressure indicator (manometer)
Pressure indicator (gage)
Pressure indicator (gage)
Miniature Foxboro indicator-controller
Miniature Foxboro indicator-controller

Miniature recorders

Standard strip-chart recorders
Standard strip-chart recorders
Miniature recorder-controller

FT

FE
FE

Instrument
Data Sheet No.(b)

1 through 83
45
6

223
233

234
147
224
235
236

90
155, 156, 157, 158, 159

191
84
85

FE
FE

- FE
FE
FE

5J-A
2A -A
3A-A

IA-A
IA-A
IA-B
IA-B
IA-B

IA-B
IA-C
8A-A
2C-A
20-B

2B-B
IM-A
6G-B
2J-B
IN -A

IE -A
2L-B
2L-B
2L-B
IJ-A

IJ-B
IL-A
5C -F
5C-B
50-A

50-A
50-A
5C-A
5C -E
5C -D
SB -B
6B-A
5%-A

2J-B

2J-A
2J-C
2E-B
2E-B
2E-D

2E -A
2J-D
2J-1E
4D-D
4D-D

3C-A
3C-A

n10
167, 168

226
227
144

145
153
179
164
i4o

146
229
148
166
151

142
143
126

41, 42, 43, 44, 46
109

111
108

93
113 and 114

141

92
170
171

98
119

23, 24, 25, 26, 27, 28

87

31,
37

Pneumatic integrators

Electric integrators
Manual controllers
Temperature-regulating valve
Temprature-regulating valve
Adjuster, set pointer

Hamel-Dahl throttling valve
Hammo-Dahl on-off Salvo

7H -A
71-A

7A-E
7A-F

125
32, 33, 34, 35, 36,

14, 15, 16

17
79

186, 187
188

82

201
203

Blueprint FilI
(BPF) No.

8404(c
8464c
8090
8559
8629

8492
8303
8325
8322
8321

7963
8320
8384
8086
8086

7709
8534
8534
8641
8154

1980
8119
8409
8478
8507

8507
2744
8316
8318
8323

8o96
8123
8l24
8555
8122

8403
8403
8639
8404(')
7803

7872
7871
7831
7832
7925

7832
8066
8066
7802
7799

7995
806(
8404(c)

8404(')

8404(')
8404(c)
85o4
8531
8404

870o'
800

102
213
214

172, 173,
io4

174

FE
FE
MP
DM
DM

B
IE
IAS

PI
TB

TE
TI/TB
TI/T
TI/fl
BE

BE
ME
SGT,
FT
WrT

IT, DPT

39
40
41
42
43

44
145
46
47
48

49
50
51
52
53

5W'
55
56
57
58

59
60
61
62

63

64
65
66
67
68

69
70
17



eC'
26
27
28

29
30
31
32
33

34
35
36
37
38

39
40
41
42
43

44
45
46
47
48

49
50
51
52
53

54
55
56
57
58

59

6o
61
62

63

64
65
66
67
68

69
70
71
72
73

74
75
76
77
78

79
80
81
82
83

TE
TI/TE
TI/fl
TI/fl
RE

RE
ME
SOT, IT, Dfl
FT
WFT

WFT
DPT, PT

Tp
PT
PT

BA
RS
pHA
CVT

WFI

WI
DPI
WFI
WFI
WFi'

SOI, WFI, PI
PI
PI
WFIC, PIC
WFIC

WFR, DPR, SGR,
FR, TR, ER, p3R
R
CRE
FRC, IRS, WFRC,
SORC, TRC, PoC
FIX

FX
VC

AP/TE
THV/TE
ASP

DO,
DOV
DOV
DOV
DOV

Dov
DOV
DOv
DOV
Io

DOy
Do valve
Do valve
DOV
YE

LAS
PI
TE

Pneumtic
Pneoutic
Pneumatic
Pneumtic
Pneumatic

pressure transmitter
pressure transmitter
pressure transmitter
pressure transmitter
pressure transmitter

Radiation amplifier
Radiation selector switch
1E amplifier
Electric-to-pneumatic converter
Flow indicator (gage)

Weight-factor indicator (gage)
Differential-pressure indicator (gage)
Weight-factor indicator (manometer)
Weight-factor indicator (manometer)
Weight-factor indicator (micromanometer)

Pressure indicator (manometer)
Pressure indicator (gage)
Pressure indicator (gage)
Miniature Foxboro indicator-controller
Miniature Foxboro indicator-controller

Miniature recorders

Standard strip-chart recorders
Standard strip-chart recorders
Miniature recorder-controller

Pneumatic integrators

Electric integrators
Manual controllers
Temprature-regulating valve
Temperature-regulating valve
Adjuster, set pointer

Rammel-Dahl throttling valve
Eanmiel-Dahl on-off valve
Hamel-Dahl on-off valve
Hamel-Dahl throttling valve
On-off valve

On-off valve
On-off valve
fammel-Dahl throttling valve
Saunders-type on-off valve
Throttling valve

Throttling valve
On-off valves
On-off valves
Butterfly valve
Solenc ! valves

uonauctivity eJ.ectrows
Conductivity electrode alarm
Pressure Bourdon gages
Temperature resistance element

Temperature resistance element
Mercury-bulb temperature indicator
Mercury-bulb temperature indicator
Mercury-bulb temperature indicator
Ionization chambers

Ionization chambers
Microphones
Pneumntic pressure transmitter
Pneumtic pressure transmitter
Pneutatic pressure transmitter

60-B
2J-B
1M-A

1E-A
2L-B
2L-B
2L-B
IS-A

IJ-B
1L-A
5 -F
5C-B
5C-A

50-A

50-A
50-E
50-D

5B -B
6B-A

B-A

2J-B

2J-A
2J-C0
2E -B
2E-B
2E-D

2E -A
2J -D
2J-E
4D -D
4D -D

3Ca -
3C -A

145
153
179
164
140

146
129
148
166
151

142
143
126

41, 42, 43, 44, 46
109

111
108
93

113 and 114
141

92
170
171

98
119

23, 24, 25, 26, 27, 28

31,
37

7H -A
7H-A

7A -E
7A-F
7A-C
7A -D
7A-A

7A-0
7A-A
7A-D
7A -H
7A-J

7Ad -
TA-A
7A-A
7A-B
7C -A

87
125

32, 33, 34, 35, 36,

14, 15, 16

17
79

186, 187
i;8
82

201
203
182
190
198

195
199, 200

222
229
232

237, 238
135, 136, 137,

139
180
160

d.3
214

172, 173, 174
104

110
167, 168

.226
227
144

8403
8403
8639
8404(')
7803

7872
7871
7831
7832
7925

7832
8066
8066
7802
7799

8404(o)

7995
8068
8404(c)

8404(')

8404
8404(-
85o4
8531
84014(-)

8700
8700
8572
8572
8623
8623
8427
8693
8414
8099

8637
138 8252

8508
8182
8336

8089
8986
(a)

Pressure switch alarm 6A-c 161
Tachometer 202A-517-F1
Wobble meter

Niotes:

(a) The ark Inumber identifies the group classification of instruments.

(b) The instrument data sheets give the instrument specifications and show the

equipnent piece number which identifies the instrument service and location.

(c) This BP. includes all the instruments on the graphic panel, the electronic
transmitting rotamters, and the various electric-to-pneumatic converters.

(d) Drawing numbers U-4-2361,,2, and 3; and H-4-2406.

8534
8641
8154

1980
8119
8409
8478
8507

8507
2744
8316
8318
8123

8o96
8123
8124
8555
8222

84
85
86

WFAS
SI
WOBE
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PART IV: PROCESS CONTROL, continued

CHAPTER XVIII. SA14PLING AN[ ANALYTICAL METHODS
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CHAPTER XVIII. SAMPLING AND ANALYTICAL METHODS

frocess control in the Purex Plant depends on instrumentation and on
analyses of samples of process materials. The instrumentation employed
has been discussed in the preceding chapter. The present chapter deals
with equipment and techniques for obtaining representative samples, with
particular emphasis on the remote sampling of radioactive solutions, and
outlines the nature, application, and limitations of the principal ana-
lytical methods available for Purex process control.

A. SAMPLING

Prerequisite for effective analytical control are representative
samples of convenient size taken from the required points in the process.
For the Purex Plant, sampling points are shown by Process Flow Diagrams
included in the several process-description chapters in Part II of this
manual. In this section the equipment and methods used for the remote
sampling of process streams, at those points where radioactivity in
varying degrees is normally present, are described. "Cold" streams,such as those handled in the Chemical Tank Farm or Aqueous Make-Up Faci-
lity, are sampled by conventional methods through manholes, handholes, or
from spigots.

1. General Description of Sampling Facilities

For sampling radioactive liquids, five types of samplers are availa-ble: A, B, and C-type; P-1 type; and the gas samplers. All types are
generally similar in that fluid-transfer devices are used to transfer
samples via piping from a remote sampling point to an accessible sample
container. Except for piping to the sample point all components (in-
cluding controls) are located at sample stations in operating areas as
near the sampling point as practicable. Sample stations are designed'to
provide convenient support for sampler components and protection fromradiation hazards, by shielding and/or hoods as needed. Sampling pointsfor liquids include tanks, cell sumps, and sample pots, the latter being
vented enlarged sections which provide points for liquid holdup in lines
between solvent-extraction columns. Gas samples are taken from gas headers.

Of the 60 Purex-Plant sample stations, 55 are used with A, B, orC-type samplers. A-type samplers are used for highly radioactive liquids,B-type for those of intermediate radioactivity, C-type for low-activity
liquid samples. Samplers of all three of these types utilize air-operatedjets for transferring samples of liquids from sampling points in the cellsto sample stations located in the Sample Gallery, approximately 27 feetabove most of the sampling points. A complete installation includesequipment for sampling either one or two sampling points. For the lattercase, the second point is always a process sump for which a second jet,with associated piping, etc., is provided. For the A and B-type samplersIfacilities are also included for the optional installation of in-line 0analytical instruments (discussed in Chapter XVII).
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?-1 samplers utilize syringes for drawing samples from the Plutonium
Sample Tanks and the sump in the L-ll enclosure to stations in the PR Room
adjacent to these points.

Gas samplers utilize vacuum pumps for drawing samples from process gas
headers in the cells to stations in the Sample Gallery.

2. A-Type Sampler

The A-type sampler was developed for use at the Purex Plant to simplify
the handling of samples of high-level radioactive liquids. This was accom-
plished by providing, at the sample station, facilities for accurately and
remotely pipetting small-volume samples for delivery to the laboratory.
A typical A-type sampler is shown in Figure XVIII-1.

2.1 General description

An A-type sampler includes the following operating components, all of
which (except for piping to the sample point) are located at a sample sta-
tion in the Sample Gallery:

(a) One or two jet assemblies, each of which includes an air-operated
sampler jet, with suction and discharge piping, for the recirculation
of liquids from a sampling point, via a sample cup to the jet, and
back to the sampling point.

(b) A Hanford remote pipetter, arranged for transferring by remote
pipetting measured microvolumes of solution from the sample cup
(or cups) to dilution flasks or a specific-gravity tube (see (c)
and (d), below).

(c) Dilution flasks (normally four per sample station), for dilution
of samples and their subsequent transfer to the laboratory.

(d) A specific-gravity tube, for determining specific gravity of the
sample at the sampler station.

(e.) An in-line instrument facility, including the necessary piping
and, for some stations, the instrument itself.

At the sample station, the components described above are supported and
housed by a relatively massive structure of concrete, lead, and stainless
steel which separates the operating components from adjacent controls (and,
therefore, the-Sample Gallery proper) by means of shielding barricades and
a ventilated hood (Figure XVIII-1). The sampler jets, necessary flow-con-
trol valves, and associated piping are housed in a concrete pit (the valve
pit) fitted with a removable cover block. Adjacent and to the left, a separ-
ate concrete pit has been provided for installation of an in-line instru-
ment. To the right are two lead-shielded compartments, covered by a venti-
lated stainless-steel hood, which enclose (a) the sampler cups and (b) the
dilution flasks and specific-gravity tube. Two lead-shielded doors and two
lead-glass windows for access and for viewing are provided in the shielding
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wall for these compartments. The Hanford remote pipetter is supported out-
side the lead-shielded compartments in a convenient operating position and
is movable; the pipette tip and extension reach over the barricade (through
slots in the hood) and into the compartments. The thickness of concrete
or lead shielding provided. at a sample station varies between stations and
between parts of a station. Concrete shielding may be from two to f our
feet thick; lead may be from three to five inches thick; and lead-glass
viewing windows may be from two to six inches thick. In any event, surface
radiation during sampling is limited to 1 mr./hr. at the front of the sam-
ple station and 50 mr./hr. at either side or the top. Escape of air-borne
contamination from the hood is prevented by use of an exhaust ventilation
system.

2.2 Sampler jet ard cup assembly

Sampler jet and cup assemblies include an air-operated sampler jet,
a sample cup, piping between these components and the sampling point, and
other associated piping and valves. In general, all parts are fabricated
from stainless steel. Using air to the jet at 90 lb./sq. in., process
solutions are recirculated at approximately 100 to 200 ml./min. in this
assembly. For a description of the jet itself reference is made to Chap-
ter XIV.

The sample cup, an adaptation of the standard Hanford sample cup,
is essentially an enlargement in the jet suction line, baffled to promote
mixing of the sample stream and capable of holding up about 5 ml. of solu-
tion. A vertical riser tube, equipped with a plug gate valve and a remov-
able riser cap, allows access to the sample cup for the purpose of pipett-
ing a sample. The cup and riser cap are lead shielded. The riser cap
may be raised and lowered by use of a pulley mechanism which is controlled
from a point outside the sample-station shielding barricades.

Sampler jet and cup assemblies are piped for the continuous flow of
liquid from the sampling point via the sampling cup to the suction side
of the jet; a mixture of air and liquid is discharged from the jet back
to the sampling point (which is vented). The suction line is 1/4-in.
I.P.S. stainless steel and the discharge line is 1/2-in. I.P.S. stain-
less steel. An air lift assists in attaining reasonable recirculation
rates at the high lifts -involved by introducing a small quantity of air at
a low point in the suction leg, thereby reducing the apparent specific
gravity of the material being lifted. Air for the lift flows via a 1/2-
in. I.P.S. stainless-steel line, which is orificed and open to the atmos-
phere at the valve pit (at the sample station), to a point as low as
practical in the jet suction line, but still above the liquid level at
the sampling point. Piping for the jet and cup assemblies also includes
lines which allow optional recirculation through an in-line instrument
(in series with the sample cup). Valves necessary for the operation of
the assembly are located in the valve pit; by use of extension handles
equipped with angle drives the valves are operated from a point outside
the sample-station shielding barricades.

'4 '1M
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2.3 Remote pipetter

The Hanford remote pipetter utilizes a Gilmont Ultramicroburet and a
hydraulic reservoir, leading via capillary tubing to an accurately drilled
pipette tip, for the transfer of measured microvolumes of liquids between
sample cups, dilution flasks, and the specific-gravity tube. Known volumes
of process liquids are drawn into or released from the pipette tip by dis-
placement with hydraulic fluid, the flow of which is accurately indicated
and controlled by operation of the Gilmont unit.

The pipetter operating assembly is mounted on a pipette stand and
guide rails outside the sample-station shielding barricade with an extension
arm, which carries the capillary tubing and pipette tip, reaching over the
barricade. The stand and guide rails are designed to provide for movement
of the pipetter; in order to make transfers between sample cups, dilution
flasks, and the specific-gravity tube, the pipette tip may be raised, lowered,
or moved horizontally along a center line which is common to these components.
The sample-station hood is appropriately slotted to accommodate this travel.

L3ample volumes are measured by a dial-type gauge which is a part of the
Gilmont Ultramicroburet. The dial is divided into 1000 units; one revolution
on the dial represents 10 microliters (0.01 ml.). The minimum size sample
volumes required (according to plans at the time of the Purex-Plant start-
up) are 10 microliters for laboratory analyses and 5-microliter drops for
specific-gravity determinations using the sample-station apparatus, although
volumes as small as 1 microliter can be pipetted with an accuracy of ±3
per cent. The maximum volume that can be pipetted, with the sampler as
originally designed, is 100 microliters. With slight modifications, however,
larger samples may be taken.

2.4 Dilution flasks and specific-gravity tube

Four 10-ml. glass dilution flasks, for diluting pipetted samples and
for use as containers in carrying them to the laboratory, are located in a
separately shielded compartment adjacent to and on a center line common to
the sample cup (or cups). The dilution flasks are arranged on two carriers,
two to a carrier, and are equipped with removable stainless-steel shielding
covers. They contain a volume of the proper diluent, supplied by the
Analytical Laboratory.

Adjacent to the dilution flasks, and on the same common center line, a
U-shaped glass tube, designed for determination of specific gravity by a
falling-drop method, is mounted. The tube is about 15 in. tall with legs
of 1/4-in. and 1/2-in. tubing. When filled with a liquid immiscible with
the sample and of known specific gravity and viscosity, the specific
gravity of the sample solution may be determined by timing the descent, in
the large-diameter leg, of a drop of known size. The small-diameter leg is
used for emptying the tube by use of a water aspirator.

3. B-Type Sampler

B-type samplers were installed at the Purex Plant for use in sampling
moderately radioactive process solutions (e.g., HOP, 2EW). Compared to

wt- 4
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A-type samplers; less shielding is required at the sample station and
larger sample sizes are handled. Neither the Hanford remote pipetter nor
specific-gravity tubes are required.

3.1 General description

Like the A-type, the B-type sampler includes operating components and
controls separated by the shielding barricades of a supporting structure.
The operating components include the following:

(a) One or two jet assemblies practically identical with those des-
cribed for A-type samplers (see A2.2, above).

(b) A device for the transfer of an approximately 5-ml. sample from
the sample cup to a container for transportation to the lab-
oratory. The use of bayonets was originally planned for this
transfer; however, at the time of this writing the possible use
of a recent development, the bayonet replacement sampler, was
being studied.

(c) An in-line instrument facility, similar to those for A-type
stations.

The supporting structure for the components described above is pri-
marily of concrete, with separate pits for the sampler jets and valves,
the sample cups, and an in-line instrument (which may or may not be in-
stalled). For the control of air-borne contamination, still allowing
access through a door, the sample-cup pit is covered by a stainless-steel
ventilating hood (connected to an exhaust system). The other pits are
filled with shielding cover blocks. The thickness of concrete shielding
provided at a B-type sampler station varies between 6 inches and over 3
feet.

3.2 Bayonet sampler

Original plans for B-type sampler operation included the use of a
bayormet sampler for the transfer of samples from the sample cup. The
bayonet sampler, shown in Figure XVIII-2, is a tubular pipette tip of
Lucite, 1/2-in. O.D. and about 5-ml. capacity, the upper end of thich
is fastened (screwed connection) to a 1/2-in. O.D. stainless-steel rod
(the tip holder). The upper end of the tip holder is fitted with a
rubber stopper and, above this, a handle . In operation, the bayonet
sampler is inserted into the sample cup riser; the rubber stopper forms
a seal at the upper end of the riser with the lower (open) end of the
pipette tip in position below the sample-cup operating liquid level.

Transfer of a sample from the sample cup to the pipette tip depends
upon the equalization of a pressure differential between the inside of
the pipette tip and the space above the liquid level in the sample cup.
During a jet recirculation period, the pressure in the sample cup and in
the pipette tip is negative. If the air to the jet is shut off, the
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vacuum tn the sample cup is brokenf-equalization of the pressure in the
pipette tip causes transfer of the liquid sample. By alternately starting
and stopping recirculation through the sample cup, the pipette tip may be
flushed with the solution being sampled. However, since its lower end isdrawn to a-capillary, liquid will not flow from the pipette tip by gravity.

A portable shield, the sheath, is provided for transfer of the pipette
to the laboratory. The sheath is a 1-in. O.D. stainless-steel tube, capped
at the lower end with a sheath base (screwed and gasketed connection) and
fitted at the upper end with a removable handle. With the bayonet inserted
in the sheath from the top, a seal is formed between the bayonet stopper and
the sheath. At the laboratory, the sample is transferred from the pipette
tip to a removable insert in the sheath base by pulling a vacuum on the
sheath, using a -fitting provided for this purpose.

3.3 Bayonet replacement sampler(lO)

At the time of this writing, the bayonet replacement sampler, a re-
cently developed apparatus designed to reduce sampling costs and to im-
prove radiation hazard control, was being evaluated for possible use in the
Purex Plant as a replacement for bayonets. The bayonet replacement sampler,
shown in Figure XVIII-2, is essentially an inverted J-shaped dip tube, the
long leg of which is inserted to a point below the operating liquid level
in the sample cup and the upper end of which is connected to a 5-ml. glass
serum bottle, thereby holding the bottle in a vertical position at a con-
venient height above the sample cup. The entire assembly is rigidly held
together by means of airtight screwed and gasketed joints; the dip tube and
sample-cup riser are connected and the sample bottle is held in place by
means of a sample bottle -base (similar to a sheath base; see A3.2 above).
During periods when the sampler is-not being operated, the sample bottle and
base are replaced by a permanent closure cap.

Operation of the bayonet replacement sampler is similar to that for the
bayonet in that transfer of solution from the sample cup to the sample bottle
depends -upon the equalization of a pressure differential between these spaces
(see A3.2, above). However, in the case of the bayonet replacement sampler,alternate starting and stopping of recirculation through the sample cup does
not flush the sample bottle; since the bottle has no bottom outlet, it con-
tinues to be _flled, instead. The condition of cyclic flow of liquid, then
air, through the sample cup, corresponding to periods of relatively high and
low pressures in-this cavity, is characteristic of sampler jet operation
using an air lift. (Normally, the gage pressure in the sample cup varies
approximately between -5 and -20 in. of Hg.) Thus, with the bayonet replace-
ment sampler in position, transfer of liquid to the sample bottle is effected
during the course of a recirculation period (provided an air lift is used).

4. C-Type Sampler

C-type samplers were installed at the Purex Plant for use in sampling
slightly radioactive (nearly "cold") process solutions (e.g., 2EU). Little
or no shielding is required at the sample stations and sample sizes are
relatively large, compared to those taken with A and B-type samplers.
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A C-type sampler includes operating components and controls which are
located in a. stainless-steel sheet metal enclosure in the Sample Gallery,
Irom which the necessary piping runs to a sampling point in a cell. The
enclosure is supported by a pipe stand at a convenient operating height
above the floor and is ventilated by connection to the sample-station ex-
haust system. Access for operation is through a hinged door.

C-type sampler operating components include the following:

(a) A 120-ml. (4--oz.) (nominal size) glass sample bottle fitted with
flexible plastic-tube connections inserted in a two-hole rubber
stopper.

(b) An air-operated jet (without sample cup) of the type described
under A2.2, piped to pump liquids from the sampling point, via
the sample bottle and back to the sampling point, using an air
bleed.

Valves necessary for operation include one each in the sample bottle in-
let and outlet-lines, and one for control of air to the jet. Two sam-
plers (Rl and R2) are equipped with pH instruments which are piped and
valved for optional use in series with the sample bottle or alone.

5. P-1 Sampler

Three P-1 samplers and sample stations are used for sampling the
Plutonium Sample Tanks, L9 and L10, and the sump in the Lll enclosure.
Their design resulted from special efforts to curtail any possible splash-
ing of plutonium solution and to control handling of the sampling equip-
ment, thereby reducing personnel hazards and plutonium losses.

A P-1 sampler is similar to the C type in that the sampler suction
piping is routed via a sample bottle fitted with a stopper. However, in-
stead of a jet, a 100-ml. glass syringe is used for drawing the sample.
The sample bottle, a glass tube (5-ml. capacity) protected by an outer
Lucite tube and fitted inside a stainless-steel carrier, is supported in-
side a 12-in, cubical enclosure, fabricated from 1/4-in. Lucite with a
stainless-steel base. Sampler piping, a single line of 1/8-in. stain-
less-steel pipe and tubing, and 1/8-in. I.D. Tygon tubing, is routed from
the sampling point via a valve and the sample bottle to a point near the
front of the enclosure where it may be connected to the syringe, located
outside the enclosure. The sample bottle stopper is fixed rigidly inside
the enclosure; the bottle may be raised or lowered, with respect to the
stopper, by means of a screw-type jack operated from outside the enclo-
sure. The enclosure is provided with an access door and is mounted on
wall brackets.

o. Gas Samplers

Gas samplers are used by the Radiological Sciences Monitoring Unit
for sampling process off-gases. The concentrations of radioactivity, in
terms of particulate matter and radioactive gases, are determined by
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analysis of components which are absorbed or filtered from a representative
volume of the off-gas stream.

A gas sampler -includes, primarily, a vacuum pump, for transfer of the off-
gas sample from the sample point, and a filter and scrubber, in series, for
removal of the components of interest. At the sample station in the Sample
G-allery, the filter and scrubber are enclosed in a shielded and ventilated
laboratory-type hood. Two separate sample stations (and hoods) are provided
for taking samples from the (a) Dissolver off-gas system, and (b) the Vessel
Vent and Condenser Vent Headers.

B. ANALYTICAL METHODS

1. Introduction

'-resented in Tables XVIII-1 to XVIII-3, as discussed below, are brief
outlines of the principal analytical methods available for use in determin-
ing the properties and components normally of greatest interest in Purex
streams. The scope and limitations of each method are presented as an aid to
operating personnel in the proper interpretation of laboratory results and in
requesting determinations which will produce meaningful data. For each ana-
lytical method, the precision, accuracy, sample size, time required for
analysis, and impurities knoin to affect the method (if any) have been listed,
together with a brief description of the method.

As time passes, many of the methods described may be improved or replaced
with-new and-batter methods. Therefore, if the outlined methods do not meet a
particular process-control requirement, Analytic I Laboratory personnel or the
current edition of the Hanford Analytical Manual5) should be consulted.

2. Definition of Terms

In the outlines of the analytical methods on Tables XVIII-1 to XVIII-3
some special terms are used in certain specific senses. The following is an
explanation of these special terms.

Sample size is the volume of sample actually required by the analytical
nethod for a single determination with the indicated precision. (The rela-
tion between sample size and precision for radiochemical analyses is dis-
cussed under the explanation of "Precision", below.)

Precision is an indication of the reproducibility of an analytical
method. In Tables XVIII-1 through XVIII-3 the precision figures indicate
99 per cent confidence limits (unless otherwise noted). In other words, in
ninety-nine out of one hundred determinations run under the defined condi-.
tions statistical studies have shown the reported value does not vary from
the mean value by more than the stated precision.

In general, the precision improves with increase in the amount of com-
ponent to be determined. Thus, for the methods determined, values of pre-
cision are-given for particular conditions of sample size and concentration.
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For radiochemical methods precision may be limited by the radiation counting
instrument but improves with increase in the total number of counts re-
corded. The following counting precision may be expected from the ASP,
BGO, and GSC counters discussed in Subsection B5, below:

Total No. Precision
of Counts in Sample (99% Limits), %

66,000 ±1
18,000 t2
2,600 t 5

700 10
170 ±20

Systematic error is an expression of the accuracy of the analytical.
method in terms of the percentage disagreement of the average analysis from
the absolute or "true" value.

Carrier is the term applied to the non-radioactive compounds which are
added, in known and relatively large amounts, during radiochemical analyses
for the purpose of separating or repressing a radioactive component present
in low concentration by complexing or by coprecipitating.

Recovery is a measure of the percentage loss of a radioactive isotope
during radiochemical analysis and is based on the calculated yield of a
relatively large amount of a carrier material which is added. Analytical
results are corrected for imperfect recovery before they are reported.

Time required for determination indicates the total elapsed time re-
quired for a single determination by the method indicated. Not included is
the time required for transportation of the sample to the laboratory. Also,
for duplicate analyses of a sample the time required is not doubled, but is
usually approximately the same as for a single determination.

3. Physical Property Determinations

Methods for determination of disengaging time, uranium distribution
ratio, flash point, specific gravity, rate of uranium transfer, and pH are
outlined on Table XVIII-1.

4. Chemical Determinations

Outlined on Table XVIII-2 are the nature, application, and limitations
of analytical methods for aromatics atd olefins, dibutyl phosphate, ferrous
iron, iron (total), nitric acid, sodium, sodium hydroxide, sodium nitrate,
sodium nitrite, tributyl phosphate, and uranium,

5. Radiochemical Determinations

With the exception of uranium, radioactive components of Purex-Plant
streams are normally determined by radiochemical methods. Outlined on
Table XVIII-3 are methods for the determination of gross beta and gamma
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activity; for plutonium, americium, and curium; as well as for radioactive
cerium, cesium, iodine, niobium, ruthenium, and zirconium.

Radiochemical analyses are based on the use of radiation counting in-
struments for the measurement ("counting") of the radiation emitted by thecomponents of interest. The types of radiation counting instruments used de-pena on the types of radiation which are counted, and include the Alpha-Simpson-Proportional (ASP), for alpha radiations the Beta-Gamma Offner(BGO) for beta; and the Gamma Scintillation Counter for gamma radiations.

A radiation counting instrument utilizes a detecting device which, uponexposure to radiation from a sample, produces electrical impulses which areautomatically counted, the number of counts per unit time being a function
of the amount of the radioactive material present.

For the ASP and BGO, the detecting devices are ionization chambers, inwhich two electrodes, to which an electrical potential may be applied, aresurrounded by an atmosphere of a normally non-conducting gas -- methane forthe ASP and argon for the BGO. Ionization of the gas, resulting from passage
of radioactive particles from the sample through the gas, allows the flow of
pulses of current between the electrodes, which are recorded and counted.

The GSC detector is a thallium-activated sodium iodide crystal whichupon exposure to gamma radiation emits light, activating a photoelectric celland causing a current to flow. The current impulses are amplified and counted.In practice,-an absorber (shield) is commonly placed between the sample anddetector to increase the selectivity of the instrument for the radiations ofinterest; i.e., the effects of lower energy radiations or radiations of othertypes, such as those due to background, side reactions, impurities, etc., areminimized.

The conversion of instrument counts/minute to curies of radioactivity isdependent on the arrangement of the instrument detector relative to the sam-ple, as well as on other considerations, as discussed in Chapter II. Forexample, the detector cannot "see" all points on the sample; the "geometry"of the instrument is the fraction. of the total radiation field to which thedetector is exposed. In addition, such effects as sample thickness, shield-ing by air or by instrument parts, side reactions dependent on the nature ofthe radiation, etc., must be considered. For alpha and beta radiations re-sults are reported in counts/minute; because of the nature of gamma radia-tions, SC results may be conveniently converted to microcuries ("1countable").
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The principal characteristics of the radiation counting instruments
are tabulated below:

Radioactivity Alpha Beta Gamma

Counting instrument ASP BGO GSC

Detecting device Ionization Ionization NaI crystal;
chamber chamber T1 activated

(methane gas) (argon gas)

Units for reporting Counts/(min.) Counts/(min.) Microcuries/
(gal.) (gal.) gal.

Instrument geome try, % 5o 8 to 10 3.36
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F=SICil PROPETY DETEMQATIONS

Sample site,
X1IL~literaP k b (') Amlitttdon

Vibrational Test of solvent or aqueaos solutions
=Mgcgfar ay udneirably high togndcy to

coul-ify.

Ura& distra- Batch com- Test of solvent for say nedsiable
tation ratio- (E) tact (N." acuaolation of impuritis tending

type) to lopeid ease of stripping =ndi=
froe it.

flat point T:Dternation of flability ad
('m explosiveness of virgin hydrocarbon

d4ut ani recovered solvent.

Specfic gravity Faing Prop Detem.n2atio of specific gravity of
solutions (eaqusoos, in practice) for
which -. h sap] sies is odvznta-
geo, e.g., radioactive solutions
such W HA, EM, et.,

Specific gravity Pycisster Detrimution of specific gravity of
cold' or slightly radioactive aoue-

cam or organic solutias, e.g.,
15333, 2W, 2B, etc.

Note of rwdm Pot e ter Detection of .as-trasfer rate into
tra er or aut of any equceas or organic

process solution.

p PH Me te DteZdmtioCn of pH Of .3y "CoCld
solution, e.g., ferrous sulfamate
sO'Clutw,

This is on as yet Incazplstely developed ompirical
test. The sample is contacted at controlled codi-
tions in a pule-tnp. agitator (reciprocating perfor-
ated plates with synthetic imiscible solutions of
selected copositions and vlaes. The time required
for the interface to decrease to thickness of
approdnately L . (indicating ease of phase die-
engoganent) is sensured. Interpretation of results
generafly requires eaperison with a -standrds vlue
obtained using laboratory synthasited solutions. yor

fall response by the test to oanalifying tendency, it
is scoetices messsey to make several contacts using
extraction, scrub, and strip solutions, simUlating
Plant sequent.

Using a pulse-type agitator, a solvent sample is given
1 contact with 1 an, followed by 3 contacts with
%9J. The resetingm vs in given 1 cotect with
0.8 g./2. UE stock solution. Both phases are ae.-
lyned for wranin by flarophotometer (see Table
XIII-2) and the distribution ratio is calculated. -

The temperature of an ergaci. sample in a closed ep
is increased at a uniform rate while a carefully reg-
slated test flase is intanittently introduced to the
vapor space through a controlled opening. he tempera-
ture at which a distinct flesh is produced over the
sanpla is the flash point.

Specific gravity is detearined by measrringat a known
temperature, the length of tire required for a cars-
fully formed s-11 drop of e-Pa to Pu5s through a
find bmight of lwadcible liquid, the viscosity and
specific gravity of Ihich are known.

The eight of a ko,,n vohme of sample at 2500. is ca-
pared to the weight of an equal volume of water at 400.

Me csple is rqepatedly contacted for meanured lengths
of time at controlled conditions in a pulse-type agita-
tor (reciprocating perforated plates) with . synthetic
4,aecible solution of a ccmposition and vole corre-
spooling to the P.re flcwsheetj e.g., an HA sample
Wq be contacted with synthetiO HAX, or a i saPeU

my be contacted with synthetic HW. After each con-
tact the aquwos--phase urenim concentration is Aster-
mined photosetricealy (so. Table VIl=-2). The rate
constant is calculated fro, a plot of contact tine vs.
uraim concentration.

The pH i messured potUntaetrically with a Beclonen pH
ester using a glass and colal, electrode. Organic
solutions are first contacted with water, after which
the pH of the aquese thas in measured.

Precision
(99% Ideits),

Per Cent

35 SEtinated t20 to
.15

2 to 5 Approzintely -30,
dependent on
flnoricster.

50 .10P.

0.005 per drop. ± 0.2 for average
of 5 drops.

2 to 5 ±0.05 for squnoss

toltr orgando
samples.

1, for aqueous;
3.5, for organic.

Systesatic Error,
Per Cent

(Hot applicable)

Normaly less then~1J, but dependent
.c uranium ayi-

six.

Apprcdately
10.2

0F.

t20

0.01 o.01 pH wit.

HW-31000

Tine Required Per
flatez.imtion,

minates

30

90

30

20

25

30

10

1ToM ( References Hanford Analytical Mmoal, (5) nless otherwise noted.
b fefences Prones aiwstry Unit, cal Developwent Sob-Section
a References ASt designation D56-52.

infoam ocmnication, December, 1954.
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CHAPTER XIX. HEALTH PROPCION FROM RADIATIONS

It is beyond the scope of this chapter to present a comprehensive
coverage of this highly important subject. For detailed background
coverage the reader is referred to the references listed at the end of
this chanter, and for up-to-date authoritative Hanford standardi, to the
Manual of Radiation Protection Standards issued and maintained current
by the Radiological Sciences Department. The careful and detailed
planning for protection of personnel from radiations in the Purex Plant
reflects current Hanford radiation protection standards. The principles
followed in the orotection of personnel from radiations by shielding are
discussed in Chapter XX. The present chapter deals with the hazards of
radiation and with personnel protection methods other than shielding.

A. NATURE OF RADIATIONS(9)

Nuclear radiations are invisible and undetectable by the unaided
senses. There are two general types of nuclear radiations: (a) bits
of matter which comurise some of the building blocks of atoms (neutrons,
alpha, and beta particles), and (b) electromagnetic waves of the sane
general type as light and heat, but of extremely short wave length --
the gamma and X rays. The radiations emitted in the chemical separa-
tions processes are alpha, beta, and gamma. Neutrons, which for prac-
tical considerations are emitted only during the pile reaction, will
not be discussed in this chapter.

1. Alpha Particles(13)

Alpha particles are ejected spontaneously by the nuclei of uranium
and plutonium atoms, but not by fission-product elements. They are
identical with the nuclei of helium atoms and thus have a mass of four
with a positive charge of two. Because of the large mass and charge of
these particles, their penetrating power is very low. The alpha emit-
ters encountered in the Purex process have a maximum energy of about
6 M.e.v. Particles with an ener jf 5 M.e.v. have a range of 3.48 cm.
in air and 0.0037 cm. in tissue.h A very small thickness of almost
any material such as a thin sheet of paper, a film of water, or the
outer layer of skin will completely stop alpha particles. Ionization
from alpha particles external to the body is not a problem in the
H.A.P.O. separations plants. However, because alpha particles produce
an extremely dense path of ionization before being stopped (one alpha
particle may produce from-100,000 to 150,000 ion pairs), it is vitally
important to prevent alpha emitters from entering the body.

2. Beta Particles

Beta particles are high-energy electrons emitted in the decay of
radioactive nuclei. They carry a negative charge of one unit and have
velocities ranging up to 0.99 times that of light. Their correspond-
ing energies range from zero up to several million electron volts.
Some materials may emit beta rays with energies up to 11 or 12 M.e.v.,
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but energies above 2 to 3 M.e.v. are rare. Two-M.e.v. beta particles have
a range of 700 cm. in air and are completely stopped by 0.9 cm. of water
or tissue or 0.08 cm. of lead. The higher-energy beta particles can pene-
trate to the germinal layer of the skin and cause moderate to severe burns;
thus, beta radiation is hazardous when the observer is directly exposed or
when the emitter is taken into the body. The electrons are, under some
conditions, absorbed with the formation of X-ray photons in a process
known as Brehmsstrahlung ("slowing-down radiation"). Under exceptional
circumstances involving high-energy beta particles this secondary radia-
tion may also be a hazard.k)

3. Gamma Rays

Gamma rays are a form of electromagnetic radiation similar to X rays
and have a wave length roughly one-millionth that of visible light. They
penetrate matter to a much greater extent than alpha and beta' particles.
A beam of gamma rays loses intensity exponentially along its path, and so
is not considered to have a definite limit or range. However, one fre-
quently uses the term tenth-value-layer which is the thickness of. the med-
ium required to reduce the intensity ten-fold. For gamma radiation of
2-M.e.v. energy, the intensity of radiation is reduced ten-fold by 1.8
inches of lead, or 2.7 inches of steel, or 19 inches of water. The same
ten-foli reduction for this energy level gamma ray would'require 1300 feet
of air. 10) Gamma rays lose energy as they traverse matter. This energy
appears in the form of liberated electrons; hence the term "ionizing rad-
iation". Even though the ionizatio power of gamma rays is roughly one-
thousandth that of alpha particles," 2 $ gamma rays are a major problem be-
cause they penetrate so deeply.

B. CURRENT PERMISSIBLE EXPOSURE LIMITS

An effective program of radiation control is based on knowledge of
what quantities and rates of exposure may be permitted. The permissible
radiation exposure limit is the quantity of radiation which under any
combination of circumstances is not expected to cause appreciable bodily
injury to the average normal individual at any time during his lifetime.(12)
Because of the lack of full, exact knowledge, the permissible exposure
limits include a factor of safety and are frequently reviewed in light of
new information. The safety factors involved are quite often not exactly
known. In some cases they may be quite large; in others, just adequate.

1. Definition of Terms

A roentgen (r.) is a quantity of X or gamma radiation such that the
associated corpuscular emission per 0.001293 gram of air produces, in air,ions carrying one electrostatic unit of quantity of electricity of either
sign. (Note: 0.001293 gram is The mass of one cu.cm. of dry atmos-
pheric air at 000. and 760 mm. Hg pressure.) This unit of dose corres-
ponds to the absorption of about 83.8 ergs/gram of air.(12)

-amom
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A rep (a term coined from the initials of "roentgen equivalent phy-
sical") repres nt an energy absorption dose in irradiated tissue of 93
ergs per gram.) 2 5

A rad corresponds to an absorbed dose of 100 ergs per gram of matter.(5)
By agreement at the International Congress of Radiology, 1953, this new ar-
bitrary unit to express dose of ionizing radiation was established. The
unit "rep1 is to be replaced throughout by the unit 'rad" and is defined
here only for reference to previous literature.

A rem (roentgen equivalent man, or mammal) is that dose of any ion-
izing radiation which produces a relevant biological effect equal to that
produced by one roentgen of high-voltage (about 0.4 M.e.v.) X radiation,
other exposure conditions being equal. The use of the rem is a conven-
ient shorthand method for adding exposure from mixed radiations. Due
recognition must be given to the relative biological effectiveness of the
various radiations. For the chronic exposures, the mixed radiations ma
be added in terms of rems according to the following scale of 'elationi 12)

X rays or gamma rays 1 r. O 1 rad . 1 rem
Beta particles 1 rad - 1 rem
Alpha particles 1 rad w 20 rems

A curie is defined as that quantity of a radioactive elemant which
undergoes 3.7 x 1010 disintegrations per second. This definition refers
to disintegrations occurring and not to the number of particles emitted
per second. For example, one curie of a radioelement, disintegrating at
a rate of 3.7 x 1010 atoms per second, may emit directly and indirectly
(i.e., through daughter elements) several times 3.7 x 1010 particles per
second. Furthermore the particles will frequently include alphas, betas,
and photons. Conventional instruments for measuring radioactivity count
the number of particles rather than the number of atoms disintegrating
per unit of time. Furthermore, due to counting efficiencies being much
less than 100 per cent, these conventional instruments do not count all
of the particles being emitted and appropriate corrections must be made
to the number of particles counted to estimate the total number of parti-
cles being emitted. Factors which influence the magnitude of the count-
ing efficiency correction are discussed further in Chapter II.

2. External Radiation Exposure Limits

Current radiation exposure limits or protection limits in effect at
Hanford are summarized below along with simplified discussions of the
bases for these limits. For a fuller understanding of these bases, the
reader is referred to dissertations in References (4) and (14).

2.1 General body exposure

The recommendations relating to exposure from external radiation
are primarily based on exposure of the whole body. The amount of rad-
iation received by certain critical tissues forms the basis for these
recommendations. For gamma radiation the critical tissues ire probably
the blood-forming tissues (i.e., bone marrow) nominally considered to

1904
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be at a depth of 5 cm., the gonads, and the eye lenses. The protection
limit is 0.3 roentgen per week measured in free air with a radiation-
field measuring instrument such as a CP meter.l )

The critical tissues for high-energy beta radiation (up to 3 M.e.v.) *
are probably the superficial tissues of the skin, assumed to be lying at
a depth equivalent to 7 mg./sq.cm. The maximum permissible beta radia-
tion exposure of the entire body is 0.5* rad per week in the basal layer
of the epidermis, corresponding to 0.3 rad per week within the body. How-
ever, in practice, beta radiation is almost always accompanied by gamma rad-
iation. For such a combination it is difficult to predict which tissues
(the skin or the blood-forming organs) become critical. 2) For this reason,
when both beta and gamma radiation are present the maximum permissible limit
is 0.3 rad per week measured in free air. The beta and gamma components are
considered additive.

Since alpha particles ordinarily do not penetrate more than one to two
inches of air and are comletely absorbed by as little as 1/30 mm. of tissue
or one protective layer of clothing, they are not normally considered in
determining external-radiation exposure limits. The maximum allowable dose
within the body has been set at 0.015 rad (0.3 rem) per week.

2.2 Exposure of hands and forearms only

In the case of exposure of only the hands and forearms, the basal layer
of the epidermis (rather than the bone marrow) is considered the critical
tissue for both beta and gamma radiation. For this reason, the protection
limit in this special case is 1.5 rads per week, the gamma and beta compo-
nents being considered additive.

3. Maximum Allowable Concentration of Radioisotopes

The permissible concentration levels of radioisotopes in air and water
are, in most cases, based on an allowable exuosure of 0.3 rem per week to
any part of the body except the epidermal skin layer. The following table
represents the continuous exposure limits for various radioelements (listed
in order of their atomic number) which are of concern in the Purex Plant:(4)

-------------------------------------------------------------
*) Revision of this maximum to 0.6 rad per week was under consideration at

the time of writing.
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Radioisotope

Sr8 9
Sr90 - Y90
y91

Nb95
Rul06-Rhl06
Tel29

I131

xel33
Xe1 35

Csl37-Bal37
Balh0-Lalh0
La140

Cel4-Pr 4
Prlh3
Pm1h7

U natural
(insoluble)

U natural
(soluble)

PU239
(insoluble)

PU23
9

(soluble)
Mixed F.P.'s
Mixed alpha
emitters

Critical Organ
and Its Weight

in Kg.

Bone,
Bone,
Bone,

Bone,
Kidneys,
Kidneys,

7
7
7

7
0.3
0.3

Thyroid, 0.02
Total body, 70
Total body, 70

Muscle,
Bone,
Bone,

Bone,
Bone,
Bone,

Lungs,

30
7
7

7
7
7

Kidneys, 0.3

Lungs,

Bone, 7

Microcuries
Allowed in
Total Body

2
1
15

90
14
1.3

0.3
300
100

90
5

24

5
29

120

0.009

0.2

0.008

0.04

Maximum Allow e
Concenuration kt*,
Microcuries/Cu.Om.

In Air, In Water,

2 x 10-8
2 x 10-10
4 x 10-8

4 x 10-7
3 x 10-8
4 x 1o-8

3 x 10-9
4 x 10-6
2 x 10-6

2 x 10-7
6 x 10-8
10-6

7 x 10-9
7.5 x 10-7
2 x 10-7

1.7 x 10-11

1.7 x 10- 1 1

2 x 10-12

2 x 10-12

10-9
2 x 10-12

7 x 10-5
8 x 10-7
0.2

4 x 10-3
0.1
10-2

3 x 10-5
4 x 10-3
1 x 10-3

1.5 x io-3
2 x lo-3
1

4 x 10-2
0.4
I

7 x 10-5

1.5 x 10-6

10-7
10-7

01
*) NOTE:

These maximum allowable concentrations are periodically reviewed and re-
vised. The reader is cautioned to consult the Radiological Sciences
Department for the latest authoritative limits.

40

a

0
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4. Personnel Contamination Limits

The maximum permissible contamination levels on skin or clothing or pro-
tective equipment removed from a radiation zone ("release limits") are 500
disintegrationsminute for alpha con amination and 100 counts/minute for com-
bined beta and gamma contaminAtion. l3, l) These contamination limits
coincide with the approximate detection thresholds for standard radiation
counting instruments.

5. Surface Contamination Limits

5.1 Radiation Zones

A Radiation Zone is defined as an area or item of equipment where the
radiation level exceeds 1 mrem/hr., or where there is detectable' surface con-
tamination, or where irborne contamination exceeds 1/10 of the applicable
permissible limit.(12j All entry into Radiation Zones is in accordance with
conditions specified in Standard Operating Procedures or Special Work Per-
mits. These permits clearly define the work which will be performed, the
protective clothing to be worn, the radiation survey findings, and the time
limits. Special Work Permits and Standard Operating Procedures are issued
jointly by the Radiation Monitoring, operating, and servicing groups involved.

5.2 Non-regulated areas

No detectable contamination, as monitored by the Poppy and GM-type in-
struments is permissible.

C. METHODS OF MONIrORING

Various elaborate provisions in building and equipment design and in
equipment operation have been made to protect personnel from the hazards of
radiation. In addition to these safeguards it is considered necessary that
a thorough and constant' program of radiation monitoring be maintained to pre-
vent accidental over-exposure or contamination of personnel and contamina-
tion of surroundings.

The chief items requiring constant and routine monitoring can be broken
down into five main categories: (a) operating areas and equipment, (b)
personnel, (c) processing-area air, (d) stack gas, and (e) environs. The
following discussions cover in brief the general features involved in the
control of radiation hazards in each of the above five categories. De-
tailed description of the monitoring procedures and equipment used is beyond
the scope of this chapter.

1. Monitoring of Operating Areas and Equipment

Although the equipment and facilities provided are adequate for hand-
ling the radioactive process solutions under normal operating conditions,
in the event of operational accidents or the need to enter any of the equip-
ment cells or areas for inspection or maintenance, it is necessary that the
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areas and equipment be surveyed for the presence of contamination and radia-
tion. In addition, routine surveys are made of all the operating ameas in
order that contamination can be removed and/or confined to the Radiation
Zones. The techniques of decontamination are discussed in Chapter XXI.

1.1 Health Monitor (HM) Stations

Fixed monitor stations which measure and record instantaneous beta and
gamma radiation levels in the Purex-Plant 202-A Building are located as
follows:

Number of
Location of Chamber Chambers

Operating Gallery 8
Power Unit Control Room 2
P.R. Room 2
Recovered Acid Storage Vault 4
Regulated Shop 1
Sample Gallery 11
Storage Gallery 2
Aqueous Make-Up Facility 2
Canyon Lobby 2
Central Control Room 4
Crane Cab 3
Crane Cab Gallery 2
Head-End Control Room 4
Hot Shop 3

The recorders for all Crane Cab HM stations are located in the cab. All
the other HM recorders are located in the Dispatcher's Office.

A complete installation consists of an ion chamber, a Beckman Model-V
vibrating reed amplifier and switching mechanism, and a recorder. The ioni-
zation chamber is a 5-in.-diameter Bakelite shell with approximately half
of the wall of the chamber cut away and covered with 0.005-in.-thick cellu-
lose nitrate or cellulose acetate sheet for detection and measurement of
gamma and beta radiation.

The Beckman Model-V amplifier can be connected to 1 to 12 ionization
chambers, dependent on the switching mechanism used. Radiation fields which
can be reliably detected are limited by the volume of the ionization cham-
ber and by the sensitivity of the Beckman anplifier. The Model-V Beckman
Amplifier has a useful range for measurement of typically from 0.3 mr./hr.
to 900 mr./hr. (the exact range depending on the specific ionization cham-
ber used). Sensitivity can be changed for special operating conditions by
adding or removing plug-in resistors. The HM instruments are calibrated
by the Radiation Monitoring Unit.

1.2 Portable survey instruments

The value of any radiation survey is dependent on the judgment of the
surveyor in selecting an instrument, making the survey, and interpreting



IN% 1909 t 0

the results of the survey. In order to prevent variable and indeterminate
errors, survey instruments must be used for quantitative surveys in substan-
tially the same way as that in which they were calibrated. The majority of
survey instruments operate on some form of the ionization chamber principle
(i.e., measurement of the ionization caused by radiation passing through a gas
in an enclosed chamber).

To get reliable and rejroducible results with any instrument, the follow-
ing precautions are taken:

(a) Sufficient warm-up time is allowed (usually on the order of a few
seconds).

(b) The instrument is adjusted to zero. For some instruments it is
possible to make this zero adjustment in the radiation field.
Others require that the adjustment be made prior to entering a
Radiation Zone.

(c) The distance from source is accurately measured.

(d) Caution is exercised to avoid contamination of the survey instru-
ments.

(e) Since most instruments are sensitive to mechanical disturbaices,
flames, electrical discharges, or drafts, care is taken to avoid
these conditions.

(f) It is quite possible to miss radioactive contamination or beams of
radiation by too rapid a survey. Therefore, onsiderable skill and
experience are required to detect the presence of radiation or be
assured that radiation is absent.

The applications and characteristics of the most common portable su vey
instruments (CP Meter, Juno, and others) are summarized in Table XIX-l.M
A number of modifications of the instruments described in Table XIX-l are
used for specialized purposes. More detailed descriptions for ope at on of
the various radiation survey instruments may be found in HW-28802.Cl3)

New instruments for radiation using detection scintillation counters
are currently being developed. These instruments are based on the principle
of light emission from a phosphor when bombarded by radiation. A wide var-
iety of phosphors exist and thus scintillation counters may be adapted for
measuring alpha, beta, and gamma radiation.

2. Monitoring of Personnel

2.1 Radiation protection standards

A manual of radiation protection standards issued by the Director of
Radiological Sciences forms the basis for radiation protection policies for
personnel and contains the latest recommendations for control of radioactive
materials and radiation hazards at the Hanford Atomic Prodmnts Oneration.(12)
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This book of standards supersedes the Special Hazards Bulletins and covers
permissible limits and working standards, radiation control procedures, ex-
posure and monitoring records, radiation incident investigations, and radio-
active waste disposal procedures.

2.2 Personnel exposure monitoring

A personnel monitoring orogram is maintained for three main reasons:(10)
(a) prevention of unnecessary exposure to nersonnel, (b) establishment of
permanent records, and (c) statistical aid to other methods of measuring
radiation.

Z6ternal radiation is monitored by pocket meters (ionization cham-
bers) and film badge meters, whereas internal emitters are determined
usually by a study of body fluids and occasionally by measurements of
emitted gamma radiation.

Pocket meters, commonly called "pencils", are worn in pairs and give a
quantitative measurement of gamma radiation exposures on a daily basis.
A predetermined charge is placed on the electrode of the ionization cham-
ber, and the extent to which this charge is dissipated is an indication
of the exposure to radiation. The charges on the two meters are read at
the end of each shift of use and can indicate gamma or hard beta readings
of from 5 to 280 mrads. The pencils are designed to measure gamma radia-
tion; however, beta radiations of 1 M.e.v. or greater are capable of
penetrating the walls of the chamber and will be partially recorded.(10)
Since these chambers may be discharged by mechanical shock, dropping them
or otherwise subjecting them to sharp blows should be avoided.

Pocket meters are supplemented by a film badge that contains film
partially covered by a suitable filter such as 1 mm. of silver or cad-
mium. The film badge contains a high and a low-sensitivity film, both
sensitive to beta and gamma radiation. The sensitive film is effective
in the range of approximately 25 mr. to about 5 r. The insensitive film
is effective up to about 40 r. and is read only in the case of major ex-
posure. Film-badge packets are removed from the badge and developed at
routine intervals (usually two weeks).U13) The film badges are also de-
veloped in advance of schedule whenever daily readings of "pencils" in-
dicate that the individual has been exposed to significant radiation.
The developed film serves also as a permanent record of each employee's
exposure to beta and gamma radiation.

Finger rings containing small circular pieces of film are worn by
personnel whose hand exposure may be expected to be considerably higher
than the general total body exposure (as measured by the chest film
badge). Finger rings usually are developed on a weekly basis and detect
radiation received by the hands,

Routine interim-physical rechecks are made on process-plant em-
ployees to determine the absence of systemic radiation effects. In addi-
tion to this program, a bio-assay group performs routine biological
sampling of personnel who work with radioactive materials. The required
frequency of sampling is determined by the employee's job assignments.
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Additional samples are taken in case of radiation incidents. Sample bottles
for Large-volume urine analysis are delivered to and picked up from homes
<a 0noloyees.

Since radioiodine concentrates in the thyroid gland, routine direct sur-
veys of the thyroid glands are taken of separations-plant employees. A
special gamma scintillation probe is used to measure the radioiodine content
of these glands. The frequency of the surveys is based upon work assign-
ments. (13)

2.3 Monitoring of personnel leaving a Radiation Zone

Personnel working in a Radiation Zone wear protective clothing and equip-
ment as orescribed in the Special Work Permit or Standard Operating Procedure
issued jointly by the supervision of the Radiation Monitoring, operating, and
servicing groups. Protective clothing and equipment of the following kinds
are prescribed:

(a) Head protection -- cloth caps, cloth hoods, rubber hats.

(b) Hand -protection -- canvas, leather, surgeon's rubber gauntlet, or
rubberized canvas gloves worn individually or in specified com-
binations.

(c) Foot protection -- shoe covers, rubbers, canvas boots, or British
leggings worn individually or in specified combinations.

(d) Body protection -- laboratory coats, coveralls,and/or rubber suits.

(e) Respiratory protection -- respirator, assault mask, Chemox mask,
breathing air supply, or fresh air mask.

(f) Meters -- film badge, pencils, and finger rings when specified.

Before removal, protective clothing should always be arveyed with detection-
type instruments for contamination. Protective clothing is removed on spe-
cial "step-off pads" at the boundary of the Radiation Zone (SWP Lobby).
Clothing and equipment are removed in such a manner that the individual steps
from a notentially contaminated area to a clean area without the spread of
contamination. Prior to removal, complete survey of all protective clothing
and equipment is made with Poppy and GM instruments. If activity is de-
tected, additional care is exercised in the removal of the clothing to pre-
vent snreading of the contamination to the survey instruments and surround-
ings. A resurvey of the individual is required after removal of the protec-
tive clothing. Depending on the contamination level, the used clothing is
either nlaced in a laundry hamper for washing or wrapped and labeled
(showing the contamination level) for the guidance of the laundry. As a
further check, hand and shoe counts are taken on both alpha and beta-gamma-
type fixed counting instruments or on both a Poppy and a GM-type instrument
after each exit from a Radiation Zone, before eating or smoking, and before
leaving the process area for the dgy.
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3. Ventilation Air Monitoring

Air samples are taken to determine what respiratory protection will
be required as well as to provide an after-the-fact check on the ade-
quacy of the provided protection. The methods of air sampling described
in this section refer to sampling for particulate radioactive materials
only. Special ionization chambers are used for determination of xenon
and/or krypton. Since the filters used pick up only from 5 to 10 per
cent of the radioiodine, the normal air samplers are supplemented with
caustic scrubbers. The caustic scrubbers collect radioiodine as well
as some particulate ruthenium oxides.

A vacuum air-samoling system is installed in the Purex Plant with
150 sampling points located throughout the Processing (202-A) Building
(including the laboratory portion of the building). Twenty of these
sample points are located in the Canyon area; ten, in the Operating and
Pipe Gallery; ten, in the unregulated section of the service side; and
forty-eight, in the Sample Gallery (one above each hood). The remainder
of the sampling points are distributed throughout the building. Five
types of samplers are used. Samplers with or without hose couplings
are used in locations where the activity levels permit entrance to the
room being sampled. Remote-type samplers with or without hose coapl-
ings are used when it is desirable to sample the air of a room without
actually entering the room to install the filter paper. Special samp-
lers are inserted in exhaust ducts to sample discharge air. The hose
couplings on certain of the samplers allow extra flexibility in that a
section of hose may be attached between the sampler head and vacuum
supply, thus making these samplers semi-portable. The entire sampling
system is permanently piped with a central pumping station. The pipingheaders that service different parts of the building are valved so that
they may be individually isolated from the rest of the system. The
vacuum is maintained by a 90-cu.ft./min. water-seal rotary vacuum punp.
To assure continuity of sampling, two pumps are provided, one to serve asa spare. B pumps, however, are connected to the emergency electri-
cal system. A few "Motoair" portable air samplers are provided for
locations where the building vacuum source is not available or in loca-
tions where only infrequent air samples are required.

The usual air sampler filter medium is Hollingsworth-Vose H-70,an asbestos mat paper with a thickness of 0.018 inches.(13) Chemical
Warfare Service Type 6 asbestos paper is sometimes used. A minimum of
300 cubic feet of air must be pulled through the filter when plutonium
is the main contaminant. Fqr fission uroducts and uranium, only 80
cubic feet are required.(13) In many cases the samplers are allowed to
operate continuously and the filter paper is changed at definite 8 or
24-hour intervals. The filter paper is removed from the sampler and
particulate contamination collected is measured in the counting room
by its activity.

In some locations in 202-A Building, such as the Crane Cab and
Central Control Room, a count rate meter (CRM) is connected directly
to the air sampler, thus combining the functions of sampling and
counting. The CRM assembly consists of the following parts:
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(a) An air sampler (Motoair or vacuum source).

(b) An air-sampling head modified so that a GM tube is held close
to the filter paper. The GM tube measures the total activity
deposited.

(c) An indicating circuit and recorder for the GM tube output.

(d) An audible or visual alarm system.

The results are indicated and recorded either in the Crane Cab or the Dis-
patcher's Office. A warning is given if the counting rate exceeds a pre-
determined rate.

Respiratory protection is required if the air-sample activfty indicates'
air contamination ip excess of the following working limits: 13

Fission products (mixed) 1 x 10-9 microcuries/cu.cm.

Plutonium 2 x 10-12 microcuries/cu.cm.
(Corresponds to about 3 x 10-11
micrograms/cu.cm. for Pu-239)

Uranium 1.7 x 10-11 microcuries/cu.cm.
(Corresponds to about 2.5 x lo-5
micrograms/cu.cm. for natural U)

4. Stack Gas Monitoring

The stack gas is routinely monitored for particulate activity. With
special equipment (Kanne Ionization Chambers), the activity due to radio-
active noble gases, such as xenon and krypton, can be measured when deemed
necessary. In the Purex Plant, separate Fiberglas filters are provided for
the following: (a) each of the three dissolvers; (b) combined vessel and
condenser vent system; and (c) the ventilation air system. (This last fil-
ter also re-filters the vessel and condenser vent system filtrate.) A .
senarate silver reactor is included for each of the three dissolvers and also
one reactor for the combined vessel and condenser vent system. Provisions
are made for sampling the waste gas before and after each reactor and before
and after each Fiberglas filter. These samples are taken on an intermittent
basis to give indication of individual equipment efficiency. In addition,
continuous gas samplers are installed approximately 50 feet above the base
of the stack and approximately 5 feet from the top of the stack. Samples
similar to those used for ventilation air monitoring are taken at these
points on a routine basis. A small caustic scrubber for absorption of radio-
iodine is included in the stack gas samplers. The waste gas samplers are all
connected to Motoair pumps and are independent of the building vacuum system.
In order to obtain good process control and help guard against contamination
of the environs, continuous recording waste gas analysers are provided to
supplement the samples that require laboratory or counter-room analysis.
Waste gas is continuously drawn through and collected on a moving-tape strip
filter. The activity level is measured by a beta scintillation counter lo-
cated under the filter and then recorded on a continuous basis on instruments
in the Dispatcher's Office. A second device draws waste gas through a



packed caustic scrubber and then measures and records the activity of the
effluent solution by means of a count rate meter. An aliquot sample of
the scrubber effluent caustic is also analyzed daily by chemical methods
to confirm and extend the CRM readings. Calculation of total radiation
quantities emitted to the atmosphere per unit of time is made possible by
measuring the stack gas flow rate with Pitot-tube instruments which are
included as part of the stack monitoring equipment.

E. Environs Monitorng

Despite the fact that extensive equipment is provided for treating
and filtering the Hanford waste gases, it is necessary not only to mon-
itor the Purex-Plant stack discharge, but also to know with complete
accuracy that the welfare of the region is not being adversely affected
by these emissions. A constant survey of the immediate area and surround-
ang territory is accordingly maintained. The results of these surveys
serve both as a guide to plant operating procedures and also as a legal
record for the Hanford Atomic Products Operation. A check station (614
Building) is maintained in each plant (exclusion) area. These stations
contain continuous air monitoring equipment and film badges. In addition
to the 614 Buildings, ionization chambers (Integrons or HM chambers) to
measure and record gamma and beta radiation, and radioautograph particle
filters are scattered throughout the area. During a typical month, at
the time of this writing, 1000 samples of river, drinking, and waste
water: 6000 air samples; and 1000 samples of vegetation, soil, and mud
are taken and analyzed. These samples are taken on the plant as well
as from neighboring territory. Vegetation samples, for example, are ob-
tained from an area within approximately a 250-mile radius of the plant.
The frequency and extent of sampling depend largely on the distance from
the plant. Month-by-month distribution of radioactive materials in the
air, water, and earth in and around the plant reservation are reported
and mapped.

D., EFFECTS OF RADIATION ON THE BODY(5)

The material to be presented in the subsequent paragraphs on radia-
tion effects and their treatment is included for general interest only.
The reader should keep in mind that the previously described design and
control methods employed in plant operation during the past eleven years
have provided an extremely safe operational environment. The material is
offered to give the reader an appreciation of the need for the precau-
tions and controls described previously so that he may conduct himself
in his work with the awareness that considerable thought and effort has
gone into the evolution of workable and reliable safe practices. Every
effort is being made to expand and apply new knowledge on radiation haz-
ards and treatment as it becomes available. Therefore the following is
subject to revision from time to time.



1915 o

1. General Principles Governing Biological Effects

1.1 Effects on tissue

The site of action of radiation upon human and animal tissues is the in-
dividual cell. The part of the cell most sensitive to radiation is the cell
nucleus; the material surrounding the nucleus is also sensitive, but to a
lesser degree. Specific changes which may be detected in a cell following
irradiation are as follows:

(a) Cytolysis -- dissolution of the cell with a shrinking nucleus and
clumping of the chromatin in the nucleus. A structureless mass
results which may go to liquidation.

(b) Changes in cell division -- mitosis may be stopped or depressed.

(c) Changes in function of the cell -- e.g., motility is stopped or de-
pressed, secreting cells may stop secreting, and change in cell
nutrition may occur.

It should be emphasized that any of these changes can result from other sti-
muli besides radiation, and that a specific irradiation effect does not exist.

1.2 Radiosensitivity and reversibility

Although all body tissues are affected by radiation, certain tissues dis-
play a higher degree of vulnerability than others when exposed to the same-
source of radiation. Radiosensitivity is a term which denotes relative vul-
nerability of various tissues. Lymphoid tissue, bone marrow, sex organs, and
the lining of the small intestine are the most radiosensitive tissues. Mus-
cles, nerves, and fully grown bones are the least radiosensitive; and other
tissues, such as skin, liver, and lung, lie between these extremes.

The reversibility of radiation effects is important particularly in oc-
cupational exposure. Reversibility is a term which denotes the relative
ability for tissue to return to its previously normal state after it has
been exposed to radiation. The degree of reversibility depends upon the in-
tensity of the radiation received and upon the regenerative or reparative
properties of the tissue. Some tissues such as skin, the blood-forming ele-
ments, membranous linings of body cavities, or glands, are endowed with a
special mechanism for repair and regeneration. Other tissues, such as mus-
cle, brain, and certain structures of the kidney or eye have no provision
for regeneration, and repair is formed by a scar which does not take the
place of the tissue it replaces. The latter effect is said to be irre-
versible. Although a tissue may be repaired a few times following expo-
sure to radiption, it may not have sufficient recuperative capacity to re-
generate itself again and again. Hence, previously sustained radiation
injury should be properly appraised and repetition should be avoided.

1.3 Total exposure and time factor

In all acute radiation injuries, the total amount of radiation received
and the exposure rate are the critical factors. Exposure to radiation of
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high intensity for a short time will cause much more damage than the same
integrated exposure divided and administered at intervals. A certain de-
gree of tissue recovery may take place in the intervals between such
neriodic exposures.

1.h Biological effectiveness of various radiations

The various ionizing radiations produce generally similar qualita-
tive effects. However, the biological effects of the different radia-
tions are not quantitatively equivalent, as indicated in Section C2 of
this chapter. The biological effectiveness of a radiation depends on
the specific ionization or linear ion density induced by the radiation
which varies directly with the square of the oarticle's charge and in-
versely with its speed. If the radiation (such as gamma) does not con-
sist of charged particles but indirectly ejects charged particles from
the matter through which it passes, its effectiveness is considered as
that of the ejected particles.

2. Effects of External Radiation

A characteristic effect on the skin of overexposure to radiation
is the production of erythema or redness, which is the first of several
recognized degrees of injury to the skin. This effect resembles sun-
burn except that the interval between a single exposure to the radia-
kion and erythema may be as long as about 4 weeks, though it occurs as
fast as sunburn in some cases. At Hanford Atomic Products Operation the
concern for this injury is not from a single exposure but from small
daily overexposures which may lead to more serious effects.

The following excerpt from The Effect of Atomic Weapons(3) pre-
sents the most recent information relative to the effect on humans of
large acute exposures to radiation:

Because large acute exposures to radiation have been ac-
cepted by human beings only as a result of accidents, it is im-
possible to state definitely that a particular amount of
radiation will have certain consequences. Nevertheless, from ex-
periments with animals, whose sensitivity to radiation relative
to that of human beings has been studied, certain general conclu-
sions have been drawn. These cannot be exact, in any event,since there are marked variations among individuals insofar as
sensitivity to radiation is concerned. The probable early ef-
fects of acute radiation exposure s to the whole body are shown
belowe()
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Acute Dose Probable Effect

0 to 25 r. No obvious injury.
25 to 50 r. Possible blood changes, but no

serious injury.
5o to 100 r. Blood-cell changes, some injury,

no disability.
100 to 200 r. Injury, possible disability.
200 to 400 r. Injury and disability certain,

death possible.
400 r. Fatal to fifty per cent.
600 r. or more Fatal.

With reference to any of the specific acute doses in the above table, somewhat

larger exposures may be received, with an equivalent likelihood of injury,

if exposure is protracted over several days or weeks, or if it is limited to

a portion of the body.

3. Effects of Internal Radiation

The effects of taking radioactive materials into the body depend on the

nature of the radioactive materials and, to some extent, on the path by which

they enter. An important factor is the tendency for certain elements to con-

centrate in specific body tissues. For example, iodine concentrates in the

thyroid gland whether it is inhaled or ingested. Plutonium, wbich deposits

in the bones, is more dangerous when inhaled or introduced through a wound

than when it is ingested (because of the lower fractional retention of in-

gested plutonium in the bones).

Radioactive materials in the body cause injuries similar in nature to

those from external radiation but more localized. Iodine has a tendency to

destroy the thyroid gland cells and, therefore, indirectly to cause inter-

ference with the regulation of growth and other functions of the body.

Radioactive tellurium, technetium, and ruthenium damage primarily the kidneys;

radiocesium, the muscles. Plutonium and many fission products destroy the

blood-forming mechanism in the bone marrow.

4. Treatment of Radiation Injuries

A great deal of experimental work has been done on treating of radiation

injuries.(8) No practical method has been found for preventing the death of

cells or tissues heavily injured by radiation. However, the regenerative powers

of the body are great, and if the body can be helped to survive the acute stage

of illness, even the most radiosensitive tissues may be able to resume-their

nonnal functions. Many treatments help the body through the acute stage of

the illness. Whole bood, plasma, and plasma substitutes revive the blood

supply to the body. Penicillin limits infections. Certain materials, such as

toluidine blue, help to reserve the tendency to bleeding. Physicians also

maintain the salt and water content in the patient's body. Adequate nutrition,

especially with substances used by the body to manufacture proteins and cells,

is also necessary.
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POR'ABIE RADIATION SURVEY INSTRUMENTS

Instrument

CP Meter

TP Meter

Juno

Portable Poppy

Portable GM
(Geiger-Muller)

I

Function

Radiation field or
surface contamina-
tion measurement.

High-level radia-
tion field or sur-
face contamination
measurements.
(Not for personnel
monitoring.)

Detection of sur-
face contamination
and measurement of
radiation field.

Detection of sur-
face contamination.

Detection of sur-
face contamination
and radiation
fields. Qualita-
tive measurements
only.

Radiation

Beta, gamm

Combined
beta, gamm

Alpha, beta,
gamm

Alpha

Beta, gamma

Range*

3 ranges: 0 to nomi-
nal maxima of ;0,
500, 5000 mr. /hr.
for gamma. Approxi-
mately 5 times the
gamme range for beta.

Up to approximtely
500 rads/hr.

3 ranges: 0 to 50,
500, 5000 mr./hr.
nominal for gamm.
0 to 4,000,000 dis./
min. for alpha. 0
to 15,000 mrads/hr.
for beta.

Set for greater than
500 dis./min. with
standard source.
Maximum range is
about 4o,000 dis./
min.

Multiple range.
Nominal maximum
80,000 counts/min.

Description_

Chamber 3-in. diem. by 6-
in. long of Bakelite with
detachable end cap for
beta-gamma discrimination.

Small plastic bulb probe
at end of extension rods.

Ion chamber with built-in
shields controlled from
handle to discriminate
between alpha, beta, and
gamma.

Qualitative audible indi-
cator. Rejects beta and
game pulses.

Audible signal and/or
counting rate meter.

Remarks

Weighs 4 pounds. Easily set
to zero in radiation field.
Excellent general purpose
instrument.

Modified CP meter, equipped
with extension rods to allow
survey of high-level sources
without overexposing surveyor.
Also suitable for readings in
not readily accessible loca-
tions.

Very satisfactory for general
usage. Combines advaitages
of the CP and Zeuto.

Various probes available.
Some are quite fragile.

Insensitive to alpha. Chip-
ping or cracking the opaque
coating of the GM tube my
make the tube sensitive to
light. Quite fragile. Sus-
ceptible to electrostatic
effects.

*) Ranges are typical values and may vary slightly from one instrument to another.

0 0 S

I

0
0
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CHAPTER XX. RADIATION INTENSITIES AND SHTrTING

The irradiated uranium slugs processed in the Purex Plant are associ-
ated with high levels of alpha, beta, and gamma radioactivity. The origin,
nature, and extent of this radioactivity are discussed in Chapter II.
Harmful effects of the radiation upon personnel and the extent to which
protection from these effects is necessary are indicated in Chapter XIX.
The present chapter explains methods of reducing the intensity of radia-
tions by the interposition of a massive shield between the radiating source
and the protected receptor. Of the three types of radiation, the very
penetrating gamma rays (or photons), which are an electromagnetic radiation,
are the most important from a shielding standpoint, requiring several feet
of concrete to reduce the intensity to a harmless level. Alpha rays (or
alpha particles), which are helium nuclei, and beta rays (or beta particles),
which are electrons, being far less penetrating than gamma rays, are
normally absorbed by the vessel walls and are of concern only in special
situations.

A. INITIAL RADIATION INTENSITIES

The effect of radiation on matter is a function of the radiant energy
which is absorbed, or dissipated, in the matter. The rate at which radiant

energy is dissipated in matter is commonly termed the radiation intensity
(or dosage rate). The estimation of the radiation intensity from a radio-
active source and at a receptor offers a practical method for predicting and
controlling the effects of exposure of the receptor to radiation.

The radiation intensity at a receptor is a function of the initial
radiation intensity (at the source) and of the attenuation (i.e., intensity
reduction) attained between the source and the receptor. Attenuation is
discussed in subsequent sections of this chapter. This section defines
radiation units and presents methods for estimating the initial radiation
intensity.

1. Radiation Units and Their Interconversion

With other conditions assumed to be constant, the absolute rate at
which radiant energy from a source is dissipated (or absorbed) in matter
(e.g., in ergs/(cu.cm.)(sec.)) is a function of the power of the source,
the energy of individual radiations, and the detailed properties of the
matter. The units which are commonly used to express quantities of radiant
energy and energy rates are defined below.

1.1 Units of source power

The energy released by the emission of a single characteristic radio-
active particle or photon from a particular parent atom is known as the
energy level of that particle and is usually expressed in M.e.v. (Million
electron volts). The number of such particles or photons eitted per unit
of time is directly proportional to the number of disintegrations per unit
of time of the parent atom. When the number of disintegrations per second



2004

of a parent atom is equal to 3.7 x 1010, the radioactive material is said tohave one curie (theoretical, or absolute) of radioactivity. Thus, rate of
energy release by a radioactive source, commonly termed the power of thesource, is directly proportional to the curies of radioactivity and theenergy level. Alternatively, the power of an alpha, beta, or gamma radia-tion source in curies and energy level may be converted to watts by use ofthe following expression:

W . 5.8 x 10-3 .

where W = watts;

C = curies;

Senergy level ina M e.v (For beta particles of a particular energylevel and from a particular parent atom, E is equal to 0.4 timesthe maximum energy level.)

Radiation counting instruments are commonly used for determining thenumber of disintegrations per minute (dis./m.) of a radioactive sample.Such instruments actually count the number of ionizing particles emitted
per unit of time. The number of counts per minute (co./min.) may be con-verted to disintegrations per minute and, hence,.to curies by application
of counter efficiency and geometry factors. The method for convertingcounts per minute to curies is explained in Chapter II.

1.2 Units of radiation intensity

For gamma and X rays (i~e., photonic radiations), the roentgen (r.) isa unit of energy dissipation which may be defined as that qaity of gamma'or X radiation which will produce one electrostatic unit of ions of eithersign in one cubic centimeter of atmospheric air, provided that all secondaryelectrons are fully utilized and all secondary photons escape. By a conver-sion of energy units, the roentgen can be shown to correspond to the absorp-tion of approximately 83,8 ergs per gram of air. Specification of a refer-ence material in defining the roentgen has resulted in a unit by means ofwhich energy dissipation and radiation intensity are expressed independentlyof the properties of absorbing matter. Also, over the range of energy levelsencountered in the Purex Plant (i.e., 0.1 to 2.3 M.e.v, the fraction ofthe photonic source energy dissipated in air, and therefore, the radiationintensity-to-power ratio is essentially independent of energy level (seeunder A2, below). In terms of certain common substances other than air,the roentgen corresponds to the dissipation of quantities of energy whichare sometimes conveniently approximated with no specifications as to -photonic energy level or detailed absorber properties. For example, forwater and for human tissue, one roentgen corresponds, approximately, to theabsorption of 93 ergs per gram,

For convenience, values expressed it roentgens may be converted tomilliroentgens_(mr.) by multiplying by 1000,

".Z Lt
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For any ionizing radiation (including gamma, beta, and alpha),
other units have been defined in terms of energy absorption. The rad,
which has been recently adopted by international agreement, may be
defined as the quantity of any ionizing radiation which will produce an
energy dissipation of 100 ergs per gram. Unlike the roentgen, the rad
corresponds to the absorption of an amount of energy in matter which is
independent of the properties of the matter. Technically, this means that
the intensity in rads per unit time, at a receptor exposed to a given
source, is dependent on the properties of the receptor. In actual
practice, the effect of receptor properties is generally negligible,
since, under identical irradiation conditions, the actual rates of energy
absorption per gram, in substances of common interest (e.g., water, human
tissue, air) are roughly equal.

The rad was adopted to replace the reps (roentgen equivalent physi-
cal) which is defined as the quantity of any ionizing radiation which
will produce an energy dissipation (93 ergs) equivalent to a roentgen
in one gram of tissue. Approximately, energy dissipation expressed in
rep. may be converted to rads by multiplying by the ratio 93/100. Values
expressed in rads or reps may be converted to millirads (mrads) or milli-
reps (mreps), respectively, by multiplying by 1000.

2. Initial Gamma Radiation Intensity

The initial gamma intensity from a source is commonly expressed in
terms of roentgens per unit time at a distance of one centimeter from the
source. It is a measure of the rate of gamma energy dissipation per
cubic centimeter of air at that point and is directly proportional,
approximately, to the gamma power of the source. For example, if the
total gamma energy is considered to be concentrated at a point,

Io - 5500 CE .............................................. (2)

where Io = initial gamma intensity, r./hr. at 1 cm. distance in air;

C = gamma curies;

E - energy level, M.e.v.

For cases in which the total gamma energy cannot be considered to be con-
centrated at a point, variations of the above equation are presented un-
der B3.31 and D2, below. Also, for the derivation of this equation and
its variations, it has been assumed that the fraction of gamma energy
absorbed in one centimeter of path in air (i.e., the absorption coeffi-
cient in air) is independent of energy level and is equal to 3.5 x 10-5
cm.-I. This assumption is valid for gamma energy levels in the range
from 0.07 to 3 M.e.v., which embraces the range of interest in the Purex
Plant (0.1 to 2.3 M.e.v.) .

The actual values of C and E are normally obtained from instrument
readings and/or a knowledge of the irradiation history of the source.
For example, if the irradiation history of the slugs from the pile is



200 11 IM4

known, the radioactivity in gamma curies per ton of irradiated uranium, for
any fission product emitting photons of a particular energy level, may be
estimated by the method described in Chapter II. From a knowledge of the
Purex-Plant flowsheet (or operating conditions), the gamma curies per ton
of uranium can then be converted to other bases, e.g., gamma curies in the
volume of solution in a particular vessel.

For maximum accuracy, Equation (2) and other radiation intensity
expressions presented in this chapter are used to estimate an individual
intensity value for each energy level present in the source. Individual
intensity values are then summed to give the total intensity. However, a
solution of sufficient accuracy for most practical purposes may be obtained
by the use of conservative simplifying assumptions concerning the energy
spectrum of the source. A value of "effective mean" energy level for the
source is selected and an intensity estimate is made based on total curies
of all energy levels present in the source. (See under DI, below.)

By application of the conversion equation (Equation (1), under A1.1,
above), the initial gamma intensity may be defined in terms of watts. A
method for estimating, directly, the power of a source in terms o' watts of
fission products per ton of pile metal is explained in HW-17415().

3. Initial Beta and Alpha Radiation Intensities

The method for estimating the initial beta radiation intensity closely
parallels the method discussed under A2, above, for gamma radiation. For
example, if the total beta energy of a source may be considered to be con-
centrated at a point, a modified form of Equation (2) may be used.

As discussed under A2, above, for the derivation of Equation (2) it
was assumed that the fraction of gamma energy absorbed in one centimeter
of path in air, i.e., the absorption coefficient in air, is independent of
energy level and is. equal to 3.5 x 10-5 cm.-l. For beta particles, absorp-
tion coefficients in air are larger and cannot be considered to be independent
of energy level. Assuming that the total energy loss for a beta particle in
air is uniformly distributed over its range, the fraction of beta energy
absorbed in one centimeter of path in air, /eb, is equal to the reciprocal
of the range in air expressed in centimeters. The maximum range R, in cm.,
of beta particles in air may be expressed in terms of the particle energy
level E, in M.e.v., as follows:

R = 315 E '33  ..'... --.... o. oo . -....... O........ (3)

If the total beta energy of a source is considered to be concentrated
at a point, the initial intensity in rads/hr. may be approximated by use &f
Equation (2), under A2, above, corrected for the difference in absorption
coefficients in air for beta and gamma radiations. Thus, for beta particles
of a particular maximum energy level, the intensity for gamma photons of like
energy is estimated and multiplied by the ratio,/b/(3.5 x 10-5).

Unlike gamma rays, the beta rays of a particular group from a parent
atom vary in energy level from zero to maximum for the group. In estimating
the power of a beta source, an average value of energy level, generally

2006
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considered to be about 0.4 times the maximum, is used. However, for
approximating beta intensity by the method described above, maximum
values for energy levels may be used in Equation (2) if the average
range is also assumed to be about 0.4 times the maximum as calculated
by Equation (3). Under these conditions, the two factors of 0.4 cancel.
As for gamma photons, the values of beta curies and energy levels may be
estimated on the basis of the history of the irradiated slugs. (See
Chapter II.)

As mentioned before, the effects of alpha radiation are signifi-
cant only if the alpha particles are taken into the body. For this
reason, estimation of initial alpha radiation intensity is of no
practical importance insofar as discussion in this chapter is con-
cerned.

B. ATTENUATION OF GAMMA RAYS

1. General Problem of Gamma-Ray Attenuation

Attenuation (i.e., intensity reduction) of gamma rays may be
accomplished by distance, by passage through matter, and by scattering.
The various attenuation mechanisms are considered in detail on the
following pages of this section. These mechanisms are employed in the
Purex Plant to reduce intensities to values consistent with personnel
safety.

The table below lists gamma-ray intensities and required attenua-
tion factors corresponding to typical radiation sources in the Purex
Plant. The tabulated values are for points which are 8 feet from the
equipment piece, in the case of tanks, or 12 feet from the equipment
piece in the case of columns. Each of these dimensions approximately
equals the effective distance from the particular radiating source to
the outside of the shielding wall. Therefore, the attenuation factor
for that source is only that required of the mass of the shield and is not
a function of distance. Attenuation factors listed are those required for
uncontrolled zones (in which the maximum permissible radiation intensity is
0.1 mr./hr.)

Approximate Approximate
Intensity, R./Hr. Attenuation Factor

Source (90 Days "Cooling") Required

IWW Receiver 45,000 5 x 108
HAF Tank 7,200 8 x 107
HA Column 2,700 3 x 10 7
IAF Tank* 7.2 8 x 104
IA Column* 2.7 3 x 104
IB Pump Tank 0.02 2 x 102
2EU Receiver 0M0007 7

*) When processing codecontamination-cycle product.
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2. Attenuation by Distance

Apart from the attenuating effects of any matter through which the radia-
tion passes, the intensity of gamma rays at any point decreases with increas-
ing distance from the source. For a mathematical point source, the intensity
is inversely proportional to the square of the distance. For an infinite
line source, the intensity decreases with the first power of the distance.
In the theoretical case in which the radiation originates from an infinitely
large area, no attenuation with distance occurs. For real-object sources
of finite extension the manner in which the radiation intensity decreases
with increasing distance is generally intermediate between these idealized
special cases. The exact relationship depends on the shape of the source
and on its size compared to the distance to the receptor. Evaluation of the
exact intensity-distance relation for real-object sources is mathematically
complicated. However, results sufficiently accurate for most practical
purposes may be obtained by treating a real-object source as the most nearly
equivalent mathematically simple source type -- point, line, or large bulk.
The use of these approximate methods of calculation is discussed in Section
D.

3. Attenuation by Passage Through Matter

3.1 General mechanisms of absorption

Unlike alpha and beta particles, gamma rays are not completely stopped
by passing through a certain thickness of matter, but are attenuated by a
factor which is, approximately, an exponential function of the thickness of
matter traversed. This attenuation is the result of partial absorption of
the gamma rays by three possible mechanisms: photoelectric absorption,
Compton scattering, and pair production. These absorption mechanisms are
described and their relative importance under various conditions is dis-

cussed, under 3.2, below.

3.2 Absorption mechanisms

3.21 Photoelectric absorption

Photoelectric absorption occurs when the entire energy of the photon

is used to eject an electron from one of the inner orbits of an atom.
Absorption by this mechanism predominates at low gamma energies and increases
with the atomic number of the absorber. In light elements, such as aluminum,
the photoelectric effect accounts for most of the absorption up to about 0.1
M.e.v. In heavy elements, such as lead, it is effective up to about 1 M.e.v.

3.22 Compton scattering

Compton scattering is a collision of a photon and an electron in one
of the outer orbits of an atom in which part of the photon's energy is used
to eject the electron from an atom, while the remainder of the energy appears
as a scattered photon. This process accounts for most of the absorption in
the intermediate energy range (0.1 to 10 M.e.V. in aluminum; 1 to 4 M.e.v. in
lead), Compton absorption varies with the number of electrons per cubic
centimeter of absorber and hence is proportional to the density of the absorber.
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Therefore, in the energy range where this process predominates, the
effectiveness of a shield is roughly proportional to its sectional
density, expressed in grams per square centimeter, and is otherwise
nearly independent of the composition of the shield. Compton absorp-
tion decreases with increasing gamma energy.

3.23 Pair production

Pair production occurs when a photon enters the field of a nucleus
and is converted into a positive electron (positron) and a negative elec-
tron, plus a certain amount of translational energy of these particles.
The electron is absorbed like a beta ray; the positron collides with
another electron and the mass of the two particles is converted into two
0.5 M.ev. photons. This phenomenon occurs to a significant extent only
at very high gamma energies (about 10 M.e.v. in aluminum; above 4 M.e.v.
in lead) and increases rapidly with the energy of the photons and the
atomic number of the absorber. Pair production does not take place to
any significant extent in Purex-Plant shielding, since the highest gamma
energy encountered is only approximately 2.5 M.e.v.

3.24 Absorption in lead

Figure X-1 shows the contribution of each of the absorption
mechanisms to the total absorption of gamma radiation in lead. Individual
and total absorption coefficients are plotted as functions of photon
energy. Below approximately 1 M.e.v., photoelectric absorption is the
predominating mechanism; from about 1 to 4 Moe.v. Compton scattering accounts
for most of the absorption; and above this range absorption by pair pro-
duction becomes particularly significant.

3.3 The net effect of passage through matter

3.31 Self-absorption of a source

3n a thick source, such as the HAF Tank, a considerable fraction of
the intensity is absorbed in the source itself and appears as heat energy.
It is evident that radiation from incremental volumes near the surface is
not attenuated, but radiation from incremental volumes some distance from
the surface will be attenuated to an extent dependent on the distance the
ray traverses in reaching the surface. Thus, the fractional contribution
of the total radiation leaving the surface decreases exponentially as
incremental volumes further from the surface are considered. It may be
shown by integration that the total radiation from an infinitely thick
source is equal to the radiation from a source one mean-free path in thick-
ness, measured in the direction of the beam, without self-absorption. The
mean-free path is defined as the thickness of absorber (source, in this
case) required to reduce gamma radiation intensity by a factor of e (2.718).

Estimates of radiation intensity are generally corrected for self-
absorption if the source thickness is greater than one mean-free path.
Under these conditions, estimates are based on the radiation in a source
of thickness equal to one mean-free path. If the radiation from such a
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source may be considered to be concentrated at a point, the initial gamma
radiation intensity may be estimated by use of the following equation (vice
Equation (2), above):

I 0 550 00A . . . . . . . . . . . . . .. . . . . . .. (4)

where Io = initial gamma intensity, r./hr. at I cm. distance in air;

c = gamma curies/cu.cm.;

E = energy level of the source, M.e.v.;

A projected area of the source, sq.cm., as "seen" by the receptor;

total absorption coefficient in reciprocal cm. (see&Figure XX-2).

For use in the equation above, Figure fX-2 presents a plot of total
absorption coefficient (le), in reciprocal centimeters, and the mean-free
path (i/A), in centimeters, as functions of gamma-ray energy level, for each
of several common absorbing materials. Also in Figure XX-2, the dashed line
labeled "Compton/r/ I can be used to estimate the absorption coefficients
(or the mean-free -aths) for materials of low atomic number at energies
greater than 0.1 M.e.v. (See under B3.22, above.) For example, HAF has a
density of 1.5. At 1.5 M.e.v. the value ofA//(o0 44 cm.-l from Figure
XK-21 multiplied by the density gives the absorption coefficient as 0.066

Like Equation (2), under A2, above, Equation (4) is derived for use with
monoenergetic sources, but may be used directly for a source of a range of
energy levels if a value of "effective mean" energy level is available. (See
DL, below.)

3.32 The attenuation ecuation

The attenuation of gamma radiation upon passage through matter may be
computed from the following equation, based on the combined effects of the
absorption mechanisms involved and on the fact that the intensity falls off
exponentially with the thic1ness of the absorber.

T = B oe- t 'A ............. ............................, (5)

where I = radiation intensity after traversing t centimeters of absorber)
r.,/hr -;-

B "buildup factor", an empirical correction factor for secondary
photons produced by Compton scattering (see text and tables below);

Io = initial radiation intensity in r./hr. at 1 cm.;

e = 2.718;

=,4 absorption coefficient in reciprocal centimeters (see Figure XK-2);

t = distance through absorber (shield) in direction of beam, cm.
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The buildup factor, B,allows for the photons which are not destroyed
(but merely reduced in energy and diverted) by Compton scattering. The
magnitude of B varies with the shield (absorber) material, with energy
levels, and with shield thickness, although the relationship is difficult
to define. Contrary to the earlier information, recent data indicate that
B is primarily dependent on shield material and thickness. Values of B,
estimated on this basis for use in the design of the Purex Plant, are
tabulated below.

Buildup Factor, B, Used in Purer-Plant Design

Buildup Factor, B
Thin Shields

Absorber (-cl Mean-Free Path) Thick Shields

Air 6 6
Water --- 33
Concrete 1 3
Steel I 1
Lead 1 1.5

Investigations completed since the Purex-Plant design have led to B
factors which are generally considered as more nearly correct than those
listed above. The latest values are listed below.

Buildup Factor, B (2)(6)
Corrected by More Recent Investigations

Buildup Factor, B
Thin Shield Intermediate Shield Thick Shield

Absorber (<1 Mean-Free Path) (2-8 Mean-Free Paths) (>8 Mean-Free Paths)

Concrete 1 5 15
Lead 1 2 3
Water --- 22 39

Along with the absorption coefficient (/) and the mean-free path
(l//A), Figure XX-2 presents another related ordinate which in some cases
is more convenient to use. This ordinate gives the thickness in inches
required to reduce the primary radiation intensity by a factor of 10. It
should be emphasized, however, that this factor does not allow for second-
ary photons produced by Compton scattering, which are accounted for by the
B term in the equation above.

4. Attenuation by Scattering

4.1 Scattering by solid objects

As discussed previously, when a primary gamma ray impinges on matter,
such as a thick slab, the mechanism of Compton scattering produces photons
of reduced energies. These photons are scattered in all directions, some
of them escaping from the slab on the same side as the source. The net
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effect is a "reflection" of a portion of the primary ray. However, unlike
the reflection of light, the fraction of the photons which rebound are
scattered back away from the surface in all directions.

In the design of shielding, gamma-ray attenuation resulting from
scattering by the shield must be considered in addition to the attenua-
tion by passage through the shield. If there is any possibility for
radiation to be scattered around a shield or through an opening in the
shield, the design must assure adequate attenuation by scattering. In
practice, this is accomplished by means of labyrinths which are discussed
under E2, below.

Figure XX-3 gives relationships useful for estimating energy and
intensity values for photons scattered from a thick slab. The problem is
illustrated by the sketch which shows a ray from a source, S, incident at
a given angle e1 , to a massive scatterer of unit projected area as defined
in Figure XX-3, and scattered into unit solid angle at a given angle, 02.
The scattered angle, e,measures the deviation of the scattered ray from
the path of the primary ray. All angles are measured in a plane passing
through the source, the scatterer, and the receptor.

The two plots in Figure Xf-3, for primary rays at energies of 2 and
0.5 Mesv., respectively, show intensity functions versus angle of
"reflection", 02, for various values of angle of incidence, 01. If the
cross-sectional area of the incident gamma ray at the scatterer is less
than the projected area of the scatterer, the smaller area is used in com-
puting the scattered radiation intensity. The use of these figures to
compute the radiation scattered from a thin scatterer (on the order of one
mean-free path) will yield intensities considerably too high. When the
source and/or the scatterer may not be considered "points", they should
be divided into parts; each small part is then considered a "point", and
the total intensity is the sum of the intensities from all parts of the
scatterer resulting from exposure of each to all parts of the source.

The energy of the major component of the scattered radiation may be
computed with the equation given on Figure XX-3. The remainder of the
scattered radiation will be even less energetic since it originates from
multiple scattering.

4.2 Sky shine

"Sky shine" is a special case of scattering from a massive "shield",
the atmosphere, with both the source and the receiver in the shield. The'
radiation intensity due to sky shine is presented in Figure XX-4 for radia-
tion projected vertically in a moderately narrow cone (approximately 1
steradian* or a 60* angle) with the receptor at the level of the source at

*)A steradian is defined as the solid angle subtended at the center of a
sphere by an area on the sphere's surface equal to the square of the radius.
(Thus, the surface of the entire sphere subtends 4 steradians.)
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a horizontal distance, d. However, for radiation projected into a
cone of solid angle approaching 2 tsteradians (i.e., a hemisphere), this
figure yields intensities several times too low. For large angles
(greater than7'steradians or 120'), the equation given on the figure
may be used as an approximation. This equation is based on 2 M.e.v.
primary radiation.

C. ATTENUATION OF ALPHA AND BETA PARTICLES

1. Beta Radiation

Compared to gamma photons, beta particles are much less penetrat-
ing because of their greater mass and associated greater energy absorp-
tion in matter. For example, the 2.3 Moe.v. beta particle from either
UX2 ot Rl06 has a range of approximately 25 feet in air and 0.15 inch
in aluminum. Normally, beta particles do not penetrate container walls.
Because of the relatively short range of beta particles in materials of
interest, as compared to the inherent mass and geometry of the Purex
Plant, beta attenuation mechanisms are of primary interest only as
related to the problem of a receptor at a short distance from a bare beta
source.

For beta radiation the effect of distance attenuation on intensity
is similar to that for gamma. Likewise for beta, the effect of air as
an absorbing material (shield) between the source and the receptor pro-
vides additional attenuation which is generally considered negligible
compared to pure distance attenuation. Unlike gamma radiation, however,
the range of beta- particles in air is definitely limited by absorption
and varies significantly with energy level (see Equation (3), under A3,
above). Thus, for a point source, the attenuation of beta rays by dis-
tance may be approximated by the method explained for gamma rays, pro-
vided the distance from source to receptor is small compared to the range
in air, The initial intensity (as estimated by the method outlined under
A3, above, for example) is divided by the square of the distance (in
centimeters) to the receptor.

For a beta source of thickness greater than one mean-free path, the
initial intensity must be corrected for self-absorption. A method
analogous to that for gamma rays may be used (see under B3.31, above).
For beta rays, the mean free path y (cm.) of a particle of energy level
E (M.e.v.) in a material of density d (g./cu.cm.) may be approximated by
the expression

y=0.055 EI-33(6

2. Alpha Radiation

Because of the large mass of alpha particles (compared to electrons
and photons) and their double charge, the ion production per unit length
of path (i.e., rate of energy absorption by matter through which the
particle passes) is high. This means that the total energy of the parti-
cle is absorbed in passing through a relatively short distance in matter.
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For example, the range of the 4.18 M.e.v. alpha particle from U238 is
approximately 1 inch in air, 0.001 inch in the dead layer of skin, Mo006 inch
in aluminum, and 0.00035 inch in lead. Because or &his short range, the
intensity of alpha radiation may be neglected insofar as shielding calcula-
tions or the effect on material is concerned.

D. CALCUIATION OF RADIATION INTENSITY AT A RECEPTOR

The radiation intensity at a receptor is a function of the initial
radiation intensity and of the attenuation attained between the source and
the receptor due to the combined effects of distance and of interposed
matter (shielding). Initial radiation intensities and attenuation have
been discussed in previous sections of this chapter. In this section,
methods are presented for estimating intensities at receptors under condi-
tions likely to be of interest in the Purex Plant.

1. Effective Mean Energy Levels

In estimating the total radiation intensity from a source of more than
one energy level, maximum accuracy results if individual values of intensity,
calculated for each energy level present, are summed. For approximate
estimates, however, a single calculation for each type of radiation,based
on an estimated value of the "effective mean" energy level for that type a
radiation, is more convenient.

For the Purex Plant, the energy spectrum of the uranium slugs is
roughly constant. Therefore, for many sources of interest it is practical
to approximate radiation intensities on the basis of conservatively
estimated values of effective mean energy level.

Because of the variation of absorption coefficients with energy level
and material (see Figure fX-2), calculated values of mean effective energy
level are affected by self-absorption of the source and by shielding. For
approximate solutions of Purex-Plant problems, the effect of self-absorp-
tion is negligible but effects due to shielding should be considered. For
example, in estimating the gamma intensity from a given source, the effec-
tive mean energy level may vary by a factor of three, depending on the
amount of shielding involved. For a source with the energy spectrum of
uranium slugs irradiated for 400 days to 600 MWD/T and "cooled" for 90 days,
the approximate variation of mean effective energy level,for gamma radia-
tion, with concrete shield thickness is shown by the table below:

Variation of Mean Effective Energy Level
With Shield Thickness

Concrete Shield Thickness, Ft. 0 2 6.5
Effective Mean Energy Level, M.e.v. 0.5 0.8 1.5

For conservative approximations of Purex-Plant gamma intensities, mean
effective energy level values of 0.7 M-ev.., in the absence of shielding,
or with a thin shield (6 in. of concrete or less) and 1.5 Moe.v., in the

a _
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presence of thick shielding (more than 6 in. of concrete), may be assumed.
For the principal beta case of interest, viz., a receptor immersed in a
source (see under D3.2, below), a value of 1.5 M.e.v. may be used as the
effective mean value of the beta energy maxima.

2. Gamma Radiation Intensity at a Receptor

2.1 Point source

A real-object radiation source may be considered as approximately
equivalent to a mathematical point source if the distance between the
source and the receptor is greater than any dimension of the source area
facing the receptor (i.e., if the source subtends an angle of less than
54* at the receptor). Under these conditions, the radiation attenuation
due to the combined effects of distance and passage through matter is
approximately governed by the following equation:

I = (Be~ e ) ......................................... (7)

where a = distance from source to receptor, cm.;

B = "buildup factor", an empirical correction factor for secondary
photons produced by Compton scattering*;

e = 2.718;

I = radiation intensity at the receptor, r./hr.;

10 = initial radiation intensity, r./hr.;

t = distance through absorber (shield) in direction of beam, cm.

A4= absorption coefficient in reciprocal centimeters (see Figure
XX-2).

The use of Equation (7) is illustrated by the calculations below, in
which the intensity of gamma radiation at a point 25 feet from the HAF
Tank and shielded by 6 feet of concrete is estimated. For this case
(thick source) Io is calculated by means of Equation (4) (B3.31, above):

*)For numerical values of B, see B3.32.
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10 = 5500CEAS -- - -. ........ (4)

where c = 0.06 gamma curies/cu.cm.;

E - 1.5 M.e.v. (see under D.1, above);

A = 74,300 sq.cm. (10-ft. diameter by 8-ft. liquid depth);

4= 0.066 cm.-,for HAF (from B3.31, above).

10 (5500)(0.06)(1.5)(74,300)

= 5.6 x 108 r./hr.

For use in Equation (7),

a = 760 cm. distance;

B = 15;

= 0.105 cm. 1 for concrete;

t 183 cm. of concrete. (The beam of radiation is assumed to be
perpendicular to the two parallel shield faces.)

Hence, the intensity of radiation at the receptor is estimated to be

1 - (5.6)(10)8(15)(2.718) -(0.105)(183)
(760)2 .

=6.6 x -5 r./hr.

= 0.07 mr./hr.

As is frequently the case when estimating by the simplified method out-
lined above, this intensity value may be on the conservative (high) side.

2.2 Line source

A real-object source, such as a column or a pipeline, may be con-sidered a line source if it is longer than the distance to the receptor
and its diameter subtends an angle smaller than about 54 at the recep-
tor. Under these conditions, the attenuation due to distance alone
(apart from any additional attenuation which may be obtained as a result
of passage through matter) may be approximately calculated from the follow-ing equation:



2017 HVE3I3O1L ',

S. ................. ........................ (8)

where I = intensity at the receptor, r./hr.;

10 = initial radiation intensity, r./hr.;

a = perpendicular distance from the source (or its extension) to
the receptor, cm.;

L = length of the source, cm.;

0 = angle subtended by the longest dimension of the source (L)
at the receptor, degrees.

When the effect of shielding upon the radiation intensity from a
line source is also to be evaluated, it is generally convenient to divide,
for calculation purposes, the line source into two to four component
parts each of which meets the criteria for point sources. The radiation
intensity at the receptor due to each of these component parts is then
calculated by the use of the point-source equation (Equation (7)) and
the intensities at the receptor due to the several components of the
source are added together to obtain the total intensity at the receptor.

2.3 Large bulk sources

The radiation intensity at a receptor located at or very near the
surface of a real-object radiation source, or at any receptor located at
a distance smaller than the smallest dimension of the source facing the
receptor, may be calculated from the following equations:

(a) For a thick source, i.e. for a source which is more than one
mean-free path thick (e.g., a tank):

£ IW Io*
1..=.............................................. (9)

(b) For a thin source, i.e. for a source which is less than one
mean-free path thick (e.g., a large spill):

2.3 log + ................................ (10)

where I . radiation intensity at the receptor, r./hr.;

Ie = initial radiation intensity from cu.cm. of source, r./hr.

absorption coefficient of source, reciprocal centimeters;

V = volume of source, cu.cm.

A = area of source, sq.cm.;

SKW
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R = radius of circular source, cm. For a non-circular source, the
average of the largest and smallest radii or 80 per cent of the
largest radius, whichever is larger, may be used4

a = perpendicular distance from source to receptor, cm.

Equations (9) and (10) may be used in radiation attenuation calcula-
tions when no shielding is involved for any real-object source which does
not meet the point-source or line-source criteria suggested under D2.1
and D2.2, above. However, Equation (9) quite often yields unduly conserva-
tive results. For a thick real-object source which is too large to meet
the point-source or line-source criteria, but is small enough to be sub-
divided into two parts each of which meets the line-source criteria, or
into two to four parts each of which meets the point-source criteria, more
realistic results are generally obtained by carrying out distance-attenua-
tion calculations for each such part separately and adding together the
intensities at the receptor due to the several parts. When shielding, as
well as attenuation by distance, is involved, subdivision of the source,
whether thick or thin, for calculation purposes, into components each of
which. meets the point-source criteria is almost always the simplest
reasonably accurate calculation method.

2 A Receptor immersed in the source

For a receptor entirely surrounded by an infinite volume of a gamma
radiation source, a mathematical expression may be derived for the receptcr
intensity by the general method outlined for other extended sources.
Alternatively, since the power generated in an infinite source equals the
power dissipated, the intensity at a point in the source may be estimated
by a relatively simple conversion of the power per cubic centimeter to
roentgens per unit time. In practice, the source is not an infinite volune
and, for the most accurate estimate, any expression should be corrected for
the loss of energy to the surroundings.

Derivation of an expression based on equal power generation and dissi-
pation implies that the energy equivalent to a roentgen for the material of
the source (e.g., 93 ergs/g., if the source is water) is known or may be
estimated. Assuming a spherical source of radioactive water surrounded
by air, the gamma intensity at the center of the source is

T - (2.26)(l0b) cE (l-esAr) ......... ..... ........ ... (11)

where I - intensity at receptor, r./hr.z

c = curies of gamma radiation per cuocm.;

E - energy level, Mme.v.;

e = 2.7l8;

/1= absorption coefficient for source material, reciprocal cm.;

r = radius of the source, cm.
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For liquid sources with a density near one, the intensity calculated by
Equation (11) is approximately correct although greater accuracy may be
obtained by dividing this value by the density.

For sources generally encountered in practice, the values of r, in
the above equation, must be approximated from the actual shape of the
source. However, such an estimate is not likely to introduce an appreci-
able error. For Purex-type solutions, omission of the e-Ar term (which
corrects for the energy loss to the surroundings) in the equation above
introduces an error of approximately 20 per cent when r equals 20 cm.
The error is on the conservative (high I) side. If r is larger, the
error is reduced.

3. Alpha and Beta Radiation Intensities at a Receptor

3.1 General

Alpha and beta particles, being far less penetrating than gamma rays,
are normally absorbed by the vessel walls and are of practical concern
only in special situations, such as immersion of a receptor susceptible
to radiation damage in a beta source. Special shielding provisions are
normally not required for alpha and beta particles. However, it should
be noted that exposure to beta rays without an intervening vessel wall
of sufficient thickness, as well as direct skin contact or ingestion of
an alpha or beta source are hazardous to personnel (as discussed in
Chapter XIX).

3.2 Beta radiation intensity at a receptor immersed in a source

For a receptor entirely surrounded by an infinite volume of a beta
radiation source, the intensity at the receptor is calculated in a manner
similar to that explained for gamma radiation. However, because of the
relatively short range of beta particles in matter, for any reasonable
finite source no correction for energy dissipation to the surroundings
need be applied. Assuming the source is a volume of radioactive liquid
of a density equal to one, the beta intensity at a point in the source is:

I - (8.4)(105) cE .......................................... (12)

where I - intensity at the receptor, rads/hr.

e = curies of beta radiation per cu.cm.;

E = maximum energy level, M.e.v. (see under A3, above).

For a source of a density other than one, the intensity as calculated by
Equation (12) should be divided by the density.

In using Equation (12) to estimate the intensity at a point on a
receptor, it is assumed that no shielding'is provided by the thickness
of the receptor. For conservative approximations, this assumption should
be considered valid unless it is known that the receptor thickness is
sufficiently great to stop beta particles of the highest energy level
present.
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E. PUREX-PLANT SHIELDING

1. General

After its discharge from the piles and subsequent "cooling", irradiated
uranium is transported by railroad to the Purex Processing Building (202-A)
for processing. During all phases of these operations, shielding adequate
for personnel safety is required. Purex-Plant shielding has been designed
to reduce radiation intensities to a maximum of 1.0 mr./hr.,in controlled
zones, 0.1 mr./hr. in uncontrolled zones, and 0.01 mr./hr. in radiation-
counting equipment zones.

Massive, lead-shielded casks (see Chapter XIII), each of which carries
one bucket of slugs (approximately one ton of uranium), are used for the
transport of uranium slugs by railroad. The radiation from the slugs is
attenuated by 12 inches of lead to a gamma intensity of approximately 1
mr./hr., outside the cask. Upon arrival at the Processing Building (202-A),
the irradiated slugs are either stored in a water-filled storage basin or
charged directly to a dissolver.

Radiation escaping to the out-of-doots during the unloading of slug
buckets from the railroad cars in the Building 202A Railroad Tunnel is
attenuated by earth and by concrete shielding. The railroad approach to the
building is a curved section of track, about 600 feet long, located 10 feet
below grade in a cut, the outer edge of which is topped with a 12-foot high
(above grade) earth embankment. A 95-foot-long Railroad Tunnel Extension,
with 2-foot-thick concrete walls and a 1-foot-thick concrete roof, shields
that section of the approach adjacent to the building.. Two concrete walls
on opposite sides of the track and parallel to the building at distances of
175 feet and 600 feet, approximately, shield the open end of the Railroad
Tunnel Extension. The near wall (on the inside of the curved track) is 1
foot 6 inches thick; the far (outer) wall is 1 foot thick.

The principal shielding elements in the 202-A Building are concrete
walls and roof. For economy of design and construction, the thickness of
any continuous wall is constant. The thickness is that required to give
protection from the radiation source of maximum intensity shielded by the
wall. Thus, the shielding for many parts of the building is more than
adequate.

The upper walls of the Canyon are 4 feet thick and are designed to
protect personnel in the Operating Gallery when one bucket of slugs is
suspended near the wall. The lower canyon wall, on the south, which is
2 feet 6 inches thick, provides sufficient protection for the normally
unoccupied Pipe Trench. An outer wall on the south side, 5 feet 6 inches
thick, protects personnel from radiation from the pipes and from that
radiation not sufficiently attenuated by the thin inner wall. The Canyon
roof is 1 foot thick and reduces the radiation level resulting from sky
shine to a maximum of 1.0 mr./hr. at ground level.

Concrete cover blocks for the process cells, the "hot" Pipe Trench,
the Decontamination Cell, and the Pool Cell are designed to limit the
radiation level on the Canyon deck to 100 mr./hr. Thus, in the absence
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of any radioactive materials above the deck level, access to the Canyon
is permitted if the covers are in place. Process-cell cover blocks are
3 feet thick; Decontamination Cell and Pool Cell blocks are 2 feet thick;
and Pipe Trench cover blocks are 2 feet 6 inches thick. Cell cover
blocks for the Acid Storage Vault are 1 foot thick.

The concrete sidewalls of the Railroad Tunnel, within the Canyon
area, are 4 feet thick and limit the radiation level on the tunnel floor
to 12 mr./hr., when cell covers are in place. The 8-foot water depth
over the loaded slug buckets in the storage basin reduces the radiation
level at the surface to 100 mr./hr.

To eliminate direct radiation to the crane cab, the cabway is
shielded by a concrete curtain wall 2 feet 2 inches thick and a concrete
cab gallery floor slab 2 feet thick. The crane operator in the cab is
protected from scattered radiation by 4 inches of steel on the top and
upper sides, 3 inches on the lower sides, and 1-1/2 inches on the bottom.
The auxiliary crane, which operates at a higher level in the canyon, has
no shielding wall. This crane is either remotely operable from the regular
crane or independently operable fron a non-shielded cab. It is used
independently only at relatively low radiation levels.

A concrete pipe chase runs the length of the Sample Gallery behind
the sample enclosure. This chase has a front wall 1 foot thick and
removable concrete covers 1 foot thick which attenuate the radiation
from the sample drain headers, recovered acid'header, recovered solvent
header, and laboratory drain header. The chase for interconnecting lines
between the Solvent Treatment Building (276-A) and the Canyon has walls 23
feet thick-

In addition to the principal shielding elements of the 202-A Build-
ing, special shielding is provided as required for the contact operation
of certain equipment. For example, various thicknesses of lead, con-
crete, and steel are used for shielding the sampling equipment. These
materials are also used for .shielding in the PR Vault; the PR cans, them-
selves, are shielded with 1/2 inch of lead.

The Waste Storage Facility (241 Tank Farm) and the piping from the
202-A Building are shielded by-a minimum of 7 feet of earth. Portions
which have no earth cover (e.g., diversion boxes and pump pits) are shielded
by concrete covers. Diversion box covers are made up of three blocks,
each of which is 1 foot 8 inches thick. The pump pit cover is a con-
crete block 2 feet 6 inches thick.

2. Apertures

Special design techniques, based on attenuation by scattering, are
employed to prevent the escape of high intensity radiation through necessary
openings, or interruptions, in otherwise continuous shielding. These open-
ings, or apertures, are frequently required for operating or construction
convenience. In the Purex Plant, they include the clearances around cell
cover blocks, the openings resulting from passage of process piping througa
shielding, and access openings into radiation zones.
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It is apparent that if a straight length of pipe were run through a
shielding wall, radiation could escape through the space required by the
pipe. On the other hand, if the path of the pipe were curved, the radia-
tion would be attenuated by the effective straight-line thickness of the
shield and scattering through the pipe. In the Purex Plant, piping through
concrete shields is run with an offset bend of at least five diameters in
the shield.

Likewise, if the point between a cell cover block were a straight
line, radiation could escape through the resulting crack. In the Purex
Plant, radiation through such joints is attenuated by maintaining close
clearances and fabricating steps in the joint such that no straight-line
crack passes more than one-third of the distance through the shield.

For the case of openings such as doorways, labyrinths are frequently
constructed in the shielding material to attenuate radiation. A labyrinth
provides a path through the shield which includes sufficient right angle
turns to scatter any radiation entering the opening to a harmless level.
In addition, the labyrinth is constructed with walls of a thickness suffi-
cient to cause any straight-line radiation to pass through the normal
shield thickness.
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FIGURE fX-1

THE ABSORPTION OF GAMMA
RADIATION IN LEAD

DATA FROM CORK),FIGURE 6.6,PAGE 152

ENERGY, M.E.V

Note: (a) As explained in the text, the absorption
coefficient is the reciprocal of the
shield thickness required to reduce the
incident gamma-ray intensity 2.78-fold.
This thickness is also the mean free path
of the gamma ray, in the shield material.

This plot gives only approximate:values
of the absorption coefficient. For
shielding calculations the more exact
values presented in Figure X1-2 should
be used.
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FIGURE XX-2
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FIGURE XX-3

REFLECTION COEFFICIENT FOR COMPTON
SCATTERING FROM A THICK SLAB

DATA FROM TNX-7. FIGURE 7
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Nomenclature

I . Intensity at receptor, r./hr.
1. - Intensity at source, r./r. at 1 cm.
d, - Distanee frou source to scatter, cm.
d2 - Distance from scatter to receptor, cm.
A - flrojected area of scatter, sq.cm.

- (Bin % cos Ok)(area seen" by source and
receptor)

e . Scattered angle (FOB)
= Angle of inclination of plane of incident

and scattered ray to scatterer
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Note

The enrgy, 2 in M.E.T. Of the
scattered ray my be computed from
the following equation:

1 . 1 + 1.96 Ei (1 - Con 0)

Equation from TK-7, Figure 5
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FIGURE fl-4

SKY SHINE

DATA FROM TNX-7 FIGURE 9

E.=2!.EV.
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* IN STERADIANS
(FOR DEFINITION

SEE TEXT)
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Note: For radiation projected
into large angles (Po <30*) the
following equation may be used
as a first approximation (based
on 2 M.e.v. primary radiation):

I . 24 Io d-2 e-Ad
P02 + 8

Where I = the radiation intensity at dis-
tance d feet from the source;

10 = the radiation intensity of the
source at 1 foot;

Po = the limiting angle (see inset
above), in degrees;

,4 = the adsorption coefficient in
feet-1.
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CHAPTER XXI. DECONTAMINATION OF SURFACES

Surface decontamination techniques are employed in the Purex Plant
for the removal of radioactivity from various operating equipment and
areas in order that personnel may approach the equipment to make necessary
maintenance changes. This chapter presents a summary of information con-
cerning decontamination solutions and methods. The ability to decontami-
nate a surface is determined largely by the material of construction (or
protective coating, if used). For a discussion of materials of construc-
tion and protective coatings used in the Purex Plant, reference is made
to Chapter XVI.

A. GENERAL

1. Introduction

The circumstances requiring the removal of activity from surfaces
vary widely. The intensity of radioactivity within the Purex Plant
covers a wide range and the types of work which may require decontami-
nation of the equipment may vary considerably. The major part of the
radioactivity entering the plant passes successively through the dis-
solver cells, feed treatment, first decontamination, and the waste
handling cells; the balance of the plant processes material reduced in
radioactivity by factors of the order of l0, compared to original
specific activity. Equipment pieces used in process steps preceding
the HC Column must generally be removed for maintenance from their
normal location, because of the high degree of radiation present. Areas
and equipment downstream (with respect to uranium and plutonium flow)
from this point, although designed for remote maintenance, may possibly
be reduced in radiation intensity to a level permitting personnel to
work on the equipment in place under SWP (Special Work Permit) conditions.
When an equipment piece in need of maintenance attention is removed from
place only the piece itself need be decontaminated. If however the equip-
ment is to be worked on in place then not only the piece of equipment
concerned must be decontaminated, but also the equipment and structural
elements which "see" the zone where the work is to be performed: the
prevailing radiation intensity must be reduced to a level tolerable for
personnel exposure for the length of the time required to perform the work.
In some cases this may be impractical because- of the location of certain
pieces of equipment processing highly radioactive process solutions.

Because of the almost universal use of stainless steel in the con-
struction of the Purex-Plant process equipment, the problem of decontami-
nation of process equipment is largely a problem of removal of radio-
activity from stainless steel. This particular material has-received
considerable study, and a fair degree of success has been realized up to
the present time. The structural and supporting elements of the plant are
fabricated almost solely from concrete and mild steel. These materials
without a protective coating are extremely difficult, if not impossible,
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to decontaminate. In the processing areas all non-stainless steel elements
have been covered with protective coatings which have good resistance to
process solutions and prevent wetting the bare material with contaminants.
This permits the use of chemical reagents for decontamination which might
otherwise react with the unprotected surfaces.

Decontamination of the surfaces of equipment and structural elements of
the Purex Plant necessarily involves empirical procedures, based on knowledge
obtained in plant practice and semiworks and laboratory studies at Hanford
Atomic Products Operation and from experience gained at Oak Ridge National
Laboratories and at other A.E.C. sites. The usefulness and feasibility of
decontamination has been-demonstrated at both H.A.P.O. and O.R.N.L. Principal
difficulties encountered have been in decontamination of concrete and mild-
steel surfaces where the protective coating had failed and permitted the
contamination to contact the unprotected surface.

The decontamination techniques developed to date have satisfied specific
conditions but may not necessarily constitute optimum procedures for the Purex
Plant. For example, nitric acid is a widely used reagent which can give un-
favorable results under some circumstances because of its etching action on
stainless steel. Similarly, many other reagents have been reported to be
effective in the removal of radioactivity, but the effects of their repeated
use on the surface being treated may not have been noted or correlated. The
following sections describe the reagents and techniques which have been
successfully employed for decontamination procedures. Further study of
decontamination problems is expected to lead to more rapid and less costly
methods.

2. Terminology

The procedure of decontamination has given rise to the use of certain
special terms and concepts.

The term decontamination is used to designate the removal of radio-
active chemical elements from solid surfaces.

Contaminants are the radioactive elements present on the solid surface.

Mechanism of contamination is the means whereby the radioactive elements
are transferred to and fixed to the solid surface.

Decontamination methods are the means utilized to remove the radioactive
elements. They may be generally classified as (a) physical -- total or partial
removal of the contaminated surface; (b) chemical -- reaction with the radio-
active elements or the larger mass of the associated non-radioactive materials
to convert them to a soluble or extractable condition; and (c) physico-
chemical -- suspension by surface-active agents.

3. Principles of Decontamination

A review of decontamination literature reveals many conflicting and
varied decontamination procedures. One can conclude that no tcut and dried"
methods for decontamination exist and no reagent is universal for decontami-
nation. In most cases the best decontamination agent for a specific problem
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must be developed by trial. However, the -lack of knowledge of the best
reagent for decontamination does not call for a random approach to a decon-
tamination problem.

The mechanisms governing surface contamination and decontamination are
not as yet too well understood. However, laboratory tests and field decon-
tamination of process equipment indicate some of t e principles of contami-
nation-decontamination phenomena to be as follows: 3)

(a) The art of decontamination requires the control of radioactivity
at all times. Good planning and the subsequent pursuit of a well-
thought-out decontamination procedure is helpful, no matter how
small the job.

(b) Surfaces contacted by "spills" should be flushed or swabbed before
the activity has had a chance to go to dryness. This applies also
to the interior of process vessels.

(c) Removal of a thin film or layer of the contaminated surface is
necessary for achievement of maximum decontamination in the short-
est period of time.

(d) Complexing, chelating, and metatbesizing agents are of little
value after the activity has gone to dryness.

(e) Successive use of several reagents over short periods of time
(1 to 4 hours) appears to produce better decontamination than the
use of a single reagent over an extended period of time (24 to 48
hours). It appears that a given reagent may prepare a contami-
nated surface for attack or removal of radioactivity by the
reagents that follow.

(f) Good agitation is necessary for the successful use of any reagent
in solution. Stagnant or static liquid films produce little or
no decontamination in a short period of time.

(g) The efficiency of a given reagent usually increases as the tempera-
ture increases; however, the maximum practical temperature may be
limited by corrosion

(h) Dry-solids contaminants such as dusts should not ordinarily be
placed into solution to expedite removal. Vacuum cleaning or
flushing with a reagent that does not appreciably dissolve or
convert dry solids into the ionic form is much more desirable.

(i) In general, surfaces may be protected from radioactive contami-
nants by reduction of the surface free energy (used here as
analogous to ease of wetting). Coating exposed surfaces with
relatively non-wetting membranes such as paint or non-polar
plastics is always desirable.

(j) Strippable coatings or other ,inert membranes where such appli-
cation is feasible presents the simplest and perhaps the easiest
method of decontamination practiced at this time.
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4. Factors Influencing Decontamination

The following are some of the factors affecting decontamination procedures
in the Purex Plant:

(a) The inactive anions and cations in the Purex process solutions do
not normally form insoluble compounds. Hence, any deposits formed
by exceeding the saturation point should be removable with water
flushes.

(b) The Purex Plant incorporates advanced design for confining process
materials within the interior of processing equipment.

(c) The employment of continuous-flow equipment in the Purex process
necessitates some mechanical complexity, with the associated possi-
bility of occasional need for equipment replacement and adjustment.

(d) The radioactivity level in processing areas downstream (with respect
to uranium and plutonium) from the first decontamination cycle is
relatively low, which could permit the maintenance servicing of these
areas by contact methods under Special Work Permit (SWP) conditions.

(e) Facilities (Decontamination Cell, Hot Shop, and Regulated Shop), as
described in Chapters XI and XV, have been provided for servicing
repairable contaminated equipment.

5. Provisions for Application of Decontamination Procedures

5.1 Protective coatings

Structural elements in the plant have been either protected with a
chemically resistant coating, such as Amercoat No. 33, 55, or 74, or construc-
ted of 18-8 Cr-Ni stainless steel. Thus, all exposed concrete within the cells
has been protected with Amercoat No. 33 or 74, with the exception of the floor
areas in the Pool and Decontamination Cells, which are protected with stainless-
steel sheathing, Structural-steel elements and certain equipment fabricated
from carbon steel have been protected with Amercoat No. 33 or 74. This type of
construction facilitates removal of the gross radioactivity by simple water
flushing.

5.2 Materials of construction

Process equipment normally wetted by process solutions has been fabricated
almost entirely from stainless steel. Some important but relatively small
elements utilize Stellite, Kel-F, and Teflon. All of these materials have
exceptionally good resistance bo chemical attack and are readily decontaminable.

5.3 Design features facilitating decontamination

All equipment normally in contact with process solutions is designed to
be fully drainable and flushable. The process equipment also incorporates
seals on all pump and agitator shafts, which, in conjunction with the vacuum
vent header system, effectively confine radioactive material to the interiors
of process equipment.
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5.4 Make-up and routing of decontaminating solutions

The Aqueous Make-Up facilities (discussed in Chapter VIII)
include a Wash Make-Up Tank (TK-105), which is designed primarily
for the make-up of decontaminating-agent solutions. The Wash Make-Up
Tank discharges to a Wash Header, which is in turn piped to all tanks
feeding Canyon process equipment. Decontaminant solutions may be
made up in the Wash Make-Up Tank and routed through the Wash Header
to the appropriate Aqueous Make-Up tanks and, thence, to the process
equipment in need of decontamination via normal process piping. In
some cases it is necessary or advantageous to employ an indirect
routing, i.e., to route the decontamination solution through one or
more other pieces of process equipment before it reaches the piece
to which it is destined. Besides the Wash Make-Up Tank, any of the
Aqueous Make-Up tanks may be employed for decontaminating agent
make-up.

B. STAINLESS STEEL

The process equipment components (tanks, lines, pumps, etc.) of
the Purex Plant are fabricated almost entirely from the 300 series of
chrome-nickel stainless steels. The specific type employed has been
chosen on the basis of corrosion resistance and the type of fabrication
required. The decontamination of stainless steel is consequently of
prime interest. Since the problem of decontamination is solved by an
empirical approach, discrimination between the types of the 300 series
is not justifiable except by reason of the superior resistance to some
corrosive conditions of the 25-12 Cr-Ni type over that of the 18-8
Cr-Ni type.

The contamination of stainless steel can be placed in four cate-
gories: (a) alpha contaminants on internal surfaces, (b) alpha con-
taminants on external surfaces, (c) beta and/or gamma contaminants on
interior surfaces, and (d) beta and/or gamma contaminants on exterior
surfaces. The recommended procedures for removal are based on empiri-
cal results obtained at 0.R.N.L., H.A.P.O., and other A.E.C sites. In
general, the least corrosive effective decontaminant should be used,
so that attack upon the equipment may be maintained at a minimum.

Internal surfaces should be first in the sequence of decontami-
nation because of the greater freedom and control associated with this
operation and because these surfaces contain large amounts of easily
removable contamination. To produce results of the greatest value,
decontamination flushes should be routed from areas of low radioactiv-
ity into areas of high radioactivity. Decontaminants that are com-
bined with process wastes for disposal must be compatible with the
process solutions so that normal plant production is not interrupted.
Cribbable decontaminating solutions must not contain reagents that
have an adverse effect on the removal of fission products and pluton-
ium by the soil.(5)
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1. Alpha Contamination

1.1 Internal

Alpha (notably U and Pu) contamination inside process vessels assumes
relative importance only where the fission-product beta and gamma activi-
ties have reached comparatively low levels, i.e., downstream (with respect
to uranium and plutonium) from the HA Column, and particularly downstream
from the 2A and 2D Columns.

Nitric acid is the preferred decontamination reagent, as the chemis-
try of the principal alpha contaminants (Pu and U) favors solution in this
medium. Sixty per cent acid is the most effective, although lesser con-
centrations have been used successfully. Some judgment must be exercised
as it is possible to roughen highly polished surfaces with concentrated
acid (20% or above). Normally, a temperature of 25 to 300C. is adequate.
Generally, physical and chemical principles indicate that higher tempera-
tures would be more effective, although there is very little practical
decontamination experience to support this.

1.2 External

The problem of decontaminating external surfaces is complicated by the
possibility of extending the contamination to otherwise clean areas. There-
fore, caution must be exercised, since the need for decontaminating surfaces
adjacent to those originally contaminated may be increased by unrestricted
and uncontrolled flushing.

The following precautions should be observed in decontaminating external
surfaces:

(a) The redistribution of existing contamination should be limited to
the smallest possible area.

(b) Normally the surface should not be flooded with water or other
decontaminating agents.

(c) The surrounding surfaces which might be wetted during the decon-
tamination treatment should be protected.

(d) Contaminated materials such as tools, rags, swabs, or gloves should
not be placed in uncontaminated areas. Disposable containers such
as bags or boxes should be used for storing all cleaning supplies.

The choice of decontamination reagents is based on factors such as the
original surface finish, necessity for perserving the finish, and limitations
of drainage facilities for solvents or highly radioactive chemical agents.
The materials listed below have been found to be useful for room-temperature
application, but their relative usefulness has not been fully established.
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(a) Sulphuric acid 5%.

(b) Nitric acid 60%.

(c) Chromic acid (corrosive to stainless steel).

(d) Permanganate-bisulfite. The sequence of operations consists of
scrubbing the surface with saturated KMnO4 solution, removing the
KMnO4 by wiping, scrubbing the surface with 10 per cent NaHSO3solution, and flushing the surface with water.

(e) Organic solvents; e.g., Stoddard Solvent, 00 1h.
(f) Abrasives; e.g., Bon Ami.

2. Beta and Gamma Contamination

2.1 Internal

Beta and gamma contamination, due primarily to fission products, is
of greatest concern in the earliest process steps, i.e., before substantial
decontamination factors are accomplished by the process. Since most of
the surfaces contaminated with beta and/or gamma contaminants are also
likely to be contaminated with alpha contaminants, it is general practice
to use nitric acid for the first flush, particularly if any significant
amount of plutonium holdup is suspected. Although beta and/or gamma
contaminants are not completely removed by nitric acid, it is believed
that it is useful in removing the major portion of non-radioactive
materials constituting the film in which the radioactivity is bound.

Oxidizing, reducing, and complexing agents have been used success-
fully. A solution of sodium tartrate in sodium hydroxide has been found
to be effective. The concentrations of sodium hydroxide and sodium tar-
trate are not well defined, but 5 to 20 per cent NaOH and 1.25 to 10 per
cent Na2CHUO6 have been recommended. The addition of hydrogen peroxide
to the alkaline tartrate improves its efficiency.(8) Oxalic acid, citric
acid, and nitric acid give approximately equal decontamination results.
UN03 is often preferred because it is the cheapest and most readily
available agent.

The use of mixtures of nitric and hydrofluoric acids to remove the
final contamination is often necessary. A mixture of 3 per cent hydro-
fluoric and 20 per cent nitric acid used at room temperature has been
found to be an effective reagent.(8 ) It decontaminates rapidly without
excessive corrosion of stainless-steel equipment. The degree of corrosion
and of decontamination are not necessarily related.(9) Although some
surface corrosion may be necessary for the removal of tightly bound con-
taminants, corrosion is not always accompanied by good decontamination.

Experience at Hanford has shown that a basic solution of permanganate
(1.5% KMnO4, 0.5% NaOH) is very effective for the re oval of fission-
product contamination, especially of radioruthenium,'2) The ruthenium is
believed to be oxidized to a soluble ruthenate, probably Ru02- which is
soluble in a basic solution.(6 ) The basic permanganate has been used in
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conjunction with a nitric-fluoride-ferrous ammonium sulphate mixture, which
removes any precipitated manganese dioxide and additional radioactivity,
especially zirconium and niobium.

For successful internal decontamination, frequent changes of decontami-
nation solutions are more beneficial than extended contact time. It has
been found that the most rapid dissolution of radioactive contaminants in
the decontamination solutions occurs in from 15 minutes to 2 hours, depending
upon the solution used.(7)(8) Considerations governing the frequency of
solution change include the cost of the disposal of the solution. Adequate
agitation is a prime requisite of successful internal decontamination and
elevated temperatures usually add to the effectiveness of the flushing
solutions.

In addition to these liquid decontaminants, live steam seems to assist
materially in the decontaminating process. The mechanism of decontamination
with steam is not fully understood. It is conjectured that it penetrates
the minute recesses inaccessible to liquids. It is believed that it also
acts by the exertion of some abrasive action.

Several brief investigations have been made into the use of electro-
chemical decontamination as a possible technique for pilot-plant decontami-
nation.(9) Although activity has been removed from the interior of tanks
by passing a direct current through 2% H230L in the tank with a piece of
stainless-steel pipe as cathode, use of this technique is subject to
important limitations:

(a) The radioactivity in the lines, flanges, and valves is not removed
by this electro-stripping.

(b) Columns are not adaptable to electro-decontamination because of
their length and the difficulty experienced in inserting the
electrode.

(c) Ordinarily only a few tanks are equipped with properly located
top openings for the insertion of the cathode.

(d) The extension, of numerous pipe lines into the tanks interferes
with the efficiency of the stripping.

(e) Many tanks cannot be reached until a preliminary chemical
decontamination has been completed.

2.2 External

The plant areas in which external beta and gamma contamination is of
potential concern coincide with those in which beta-gamma internal contami-
nation levels are high. This problem is the most difficult of the four
discussed because (a) the flush solution is not confined by equipment, and
(b) precautionary measures to restrict the spread of contamination by the
decontamination agents cannot be employed nearly as effectively as with
alpha contamination, because the range of the gamma rays often prohibits
the approach of personnel to the contaminated surfaces. The decontaminating
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agents recommended for the removal of internal contamination (under B2.1,
above) can also be employed for the removal of external contamination.
To assist in carrying the contamination from the decontaminated areas to
the sump or drain, the entire area undergoing decontamination should be
liberally flushed with water as a concluding treatment.

The method of applying external decontaminating agents will vary
widely with the amount of radioactivity present in the area to be decon-
taminated. If the radiation level is sufficiently low to permit entry of
personnel, the solutions may be applied manually by mop or preferably by
brush or broom. This application may be followed by steam cleaning and
water flushing or water flushing alone.(2)

If the radiation level does not permit entry by personnel, the decon-
tamination solutions may be applied from the closest point of vantage by
means of a pump or jet and a spray nozzle. Repeated applications of the
decontamination solutions followed by water flushes or steam cleaning and
water flushing usually reduces the radiation sufficiently to permit
eventual entry by personnel.

The use of ultrasonics in decontamination is currently being investi-
gated. The principle involved is the impression of ultrasonic energy on a
stream of liquid flowing through a nozzle. The ultrasonic waves travel
down the liquid stream in the nozzle and out through the nozzle. Ultra-
sonic waves propagating through a liquid medium are attenuated very little
and hence will travel the full length of the unbroken steam. However, for
the most part the energy is reflected by any liquid-gas boundary and so the
waves will travel only as far as the liquid stream is not broken up into
droplets. For this reason, it is desirable to employ a solid stream
instead of a spray from a nozzle. The droplets that are produced when the
stream finally breaks into a spray are in a state of intense vibration and
the vibration persists fdr a suffic e tly long time.toL'produde an:abrasive
action and hence a cleaning effect. 1)

3. Procedure for Decontamination

The general procedure for internal decontamination usually starts with
a nitric acid flush to remove any recoverable plutonium present. Decontami-
nation itself is then accomplished by successive flushes with suitable
decontaminating agents kept in the vessels, with agitation, generally at
elevated temperatures for the proper period of time. The following table
lists the various steps of a decontaminating procedure, the basic steps of
which were used to decontaminate the Hanford Hot Semiworks equipment'after
Redox-process studies at full Hanford radioactivity levelsd. In addition
to the reagent, time, and temperature conditions, the contaminant most
likely to be removed by the specific flush has been included.
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REVISED HOT SEMIWORKS DECONTAMINATION PROCEDURE

Contaminant
Step Reagent Temp.,O0. Time, Hr. Removed

1 5% HNO3  80 1/2 Process-soln.heels

2 5% NaOH-2% Na2ChHh06 80 4 Zr-Nb

3 5% Oxalic Acid 80 4 Zr-Nb

4 0.5% NaOH-1.5% KMnOh 0 1 Ru(a)

5 1% NaOH 80 1/2 Ru(b)

6 $% Oxalic Acid 80 4 Zr-Nb

7 Repeat 4 and 5

8 5% HNO -1% NaF-2% 30 1 Zr-Nb
Fe(NHL)2(SOh)2(c)

Notes: (a) Two per cent Perchlaron (70% by weight calcium
hypochlorite, 30% inert material) was used at K.A.P.L.
for ruthenium decontamination. Although ruthenium was
satisfactorily removed, some plugging of valves and jets
occurred, possibly ecause of incomplete dissolution of
the inert mater a. 7)

(b) The NaOH flush is used to remove ruthenium after it has
been oxidized by the KMnO4.

(c) The Fe(NHL) 2 (SO4)2 removes the MnO2 formed by the reduction
of the KMn0h. The fluoride is used to assist in removing
the last traces of Zr-Nb. If fluoride is not compatible or
desirable, it may be omitted although the effectiveness of
the flush is reduced.

External decontamination is accomplished by application of a suitable
reagent by the most effective means available. Abrasive action applied
either manually or by some other means, such as a steam cleaner, usually
assists in contamination removal. The contamination loosened from the
surface should be flushed away with water.

In order to select a suitable decontamination reagent, smears of the
contaminated area may be used to determine the specific fission products
present.
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C. OTHER MATERIALS OF CONSTRUCTION

1, Iron and Carbon Steel

Iron and carbon steel have been employed for machine and structural
elements (e.g., electric motors, jumper braces) which are not normally
wetted by process solutions. As installed, these elements are protected
by a chemically resistant coating, Amercoat No. 33 or No. 74. The type of
contamination expected on these surfaces follows the pattern given in
Section C of this chapter. Experience with decontamination of unprotected
iron or steel has been generally disappointing. Complete removal of the
contaminated piece usually is the most practical solution to the problem.

Nitric acid, although effective in decontaminating chrome-nickel
steels, is not effective in the decontamination of unprotected iron and
steel. The degree of re-adsorption of the highly diluted, radioactive
elements by the freshly formed, unoxidized metallic surface appears to
create a practical obstacle which limits the decontamination. In addition
to the ineffectiveness of acidic solutions, their use increases the diffi-
culty of successfully removing the contamination with subsequent decontami-
nating agents because of the surface-etching effect of the acid.

Alkaline solutions (sodium carbonate, alkaline permanganate) and
detergents have been found the most effective of the agents tried in the
Hanford Hot Semiworks.(2)

2. Concrete

Concrete, in the absence of a protective surface coating, retains con-
taminants to a high degree. Chemical or Dhvsico-chemical reagents have not
been effective in removing either chemically fixed or physically adsorbed
radioactivity. The Purex Plant has been designed and constructed on the
basis that concrete surfaces will always be protected by a chemically
resistant coating (Amercoat 33 or 74). In the event of contamination which
penetrates through to the concrete base material, only two courses appear
practical: (a) physical removal of the contaminated surface, or (b) shield-
ing of the contaminated concrete surface to permit necessary maintenance
work in the immediate area of contamination.

Experience at the Hanford Hot Semiworks has indicated that spots of
gross contamination imbedded in unprotected concrete may be reduced some-
what by repeated alternate treatments with sodium carbonate paste (or
solution) and dilute (3 to 5%) nitric acid. The effervescing action pro-
duced by the two reagents helps to lift some of the contamination out of
the concrete, so that it can be flushed away with water. However, because
of the destructive action of the nitric acid on the concrete, part of the
remaining contamination is usually forced deeper into the concrete, thus
making complete removal of the contamination practically impossible.

3. Glass

Glass finds its greatest application in the construction of laboratory
equipment. Accordingly, the type of contamination may vary widely. A
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five per cent solution of NHUHF2 has been effective in decontaminating glass
at O.R.N.L. Etching does ot result if the time of contact is kept to a
minimum (a few minutes).([

Nitric acid in concentrations of 20 to 60 per cent is also used effectively
for decontaminating laboratory glassware. The more concentrated solutions are
used for soaking the equipment while the less concentrated are usually used for
swabbing. Laboratory cleaning solution (95% sulfuric acid saturated with sodium
dichromate) is another effective agent for decontaminating glassware.

4. Lucite and Plexiglass(3)

Lucite and Plexiglass (polymerized methyl methacrylate), transparent
thermoplastics, are construction materials employed in the P.R. Room and also
find numerous applications as a component in laboratory equipment. The trans-
parency of Lucite is an essential requirement in its P.R. Room applications;
therefore, precautions must be taken to use decontaminating agents which do
not cause "foggingt . In laboratory applications, loss of transparency is of
less concern. Cleaning solution (95% sulfuric acid saturated with sodium
dichromate), routinely used in laboratories as a decontaminating agent for
Lucite, causes "fogginess", which increases with the number of applications.

The primary contaminant in the P.R. Room is plutonium in an aqueous nitric
acid system. A suitable procedure for removal of plutonium contamination is as
follows:

(a) The adjacent uncontaminated areas are protected with absorbent paper.

(h) Five to ten per cent nitric acid is applied by swabbing. (Nitric acid
in concentrations in excess of 20% attacks Lucite.) The swabbed area
is permitted to remain wet for 3 to 5 minutes.

(c) The nitric acid is removed by sponging the surface with water.

(d) A detergent, 1% Muslor 224 or a saturated aqueous solution of Calgon,
is applied by swabbing or sponging. (Muslor 224 is a product of
Synthetic Chemicals, Inc., Patterson, N.J.; Calgon, of Calgon, Inc.,
Pittsburgh, Pa.)

(e) The detergent is removed with water.

(f) The surface is dried with a soft, clean, non-abrasive cloth or
paper.

Personnel carrying out the decontamination must be adequately protected
from alpha contamination present. In order to avoid recontamination of the
surface, separate containers must be provided for clean and used cleaning

,materials.

The transparency of a polished Lucite surface may be impaired and
permanent fixation of plutonium may be caused if the surface is wetted by
a reagent in which Lucite is soluble. Since Lucite is soluble in many
common organic solvents, no organic solvents should normally be used for
cleaning or decontaminating it.

2113
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5. Wood

Wood is utilized primarily for structural or equipment items, such as
office fittings and furniture, not normally subject to contamination.
Occasional temporary requirements may result in the introduction of wood
into process or laboratory areas. Decontamination of wood is extremely
difficult because -of its porous, absorbent structure.(h) Protection from
fixation of activity is dependent upon the applied protective coating. In
the event that contamination penetrates the protective coating, either
partial or complete removal of the wood appears to be the most practical
and economical procedure.

D. PROTECTIVE COATINGS

Protective coatings employed in the Purex Plant for application to
steel and concrete surfaces are Amercoat No. 33, 55, and 7h. These coat-
ings provide a protective film.that is smooth, chemically resistant to
process and decontaminating solutions, and not readily wetted by them.
(For a discussion of protective coatings, reference is made to Chapter
XVI.)

Since the protective films are the only barrier to essentially per-
manent contamination of the base materials, it is important to use a
decontaminant which will inflict the minimum damage to the coating.
Highly reactive materials such as nitric acid, chromic acid, or caustic
soda should be used as sparingly as possible and only in dilute solutions.
The following agents, listed in order of preference, are recommended.

(a) Water.

(b) Detergent solutions,

(c) Complexing agents, oxalates, citrates, tartrates.

(d) Alkaline permangarate-oxalic acid. This requires direct manual
application of 1-1/2 per cent KWnOh-1/2 per cent NaOH solution
for a 5 to 10-minute period followed by an application of 1 to

pei cent NaOH solution and, in turn, by a water flush. Manual
application of 5 per cent oxalic acid followed by a water flush
completes the procedure.

(e) Other decontaminating agents listed in Subsection D2.

E. SKIN

Skin decontamination is especially important because of the danger of
the entrance of contaminants into the body, either orally or through skin
breaks.
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The rate of skin decontamination varies considerably among individuals
and is largely dependent on the original condition of the skin. In all
cases where a rough outer layer of skin is present, decontamination is more
difficult until this outer layer is removed and the skin surface is polished.

It has been found at Hanford that the best decontaminating agent for
removal of uranium contamination is a mlxture of sodium bicarbonate and a
detergent (such as Duponol, made by E.I. du Pont de Nemours & Co.) combined
in a one-to-one ratio and applied to the wetted, contaminated skin. The
material should be worked into a lather for about one minute, then rinsed
off under running water.(h) The procedure should be repeated if all the
contamination has not been removed,

During the removal of plutonium and fission-product contamination from
the skin, extreme care should be exercised to prevent the spread of contami-
nation to the clean areas of the body. The following procedure is used for
the removal of both plutonium and fission-product contamination:

(a) The contaminated area is carefully swabbed with liquid soap until
a good lather is obtained. The lather is removed with water swabs.
The procedure should be repeated until all loose contamination is
removed.

(b) If the contaminant is still present, the area is swabbed with 4%
KMnOh solution. Three applications, with drying between successive
applications, are normally made. The color produced by the KMn04
is removed with swabs soaked in 4% NaHSO3 solution. The area is
then swabbed with liquid soap and finally swabbed with water.

(c) If the contamination remains, Step (b) is repeated.

F. CLOTHING

In those areas within the separations plants where there is a hazard of
personnel contamination with radioactive materials, all persons entering are
required to wear coveralls, shoe covers and/or overshoes, caps, and gloves,
as a protection against contamination of skin and street clothing. This
outer protective clothing is called Special Work Permit (SWP) clothing. In
addition to these items, towels, socks, and shoes are furnished where required.
The SWP clothing is monitored for contamination both before and after launder-
ing. Articles of clothing registering less than 10,000 disintegrations/min.
and/or 6 mrad/hr. may be sent to the laundry in the regular SWP laundry bags.
All items contaminated to levels higher than 10,000 dis./min. and/or 6 mrad/hr.
but less than 40,000 dis./min, and/or 50 mrad/hr. are wrapped in a labeled
impregnated-paper bag ("powder bag") or package and placed beside the proper
laundry hamper. Protective clothing contaminated in excess of 40,000 dis./min.
and/or 50 mrad/hr. is discarded in the contaminated waste container, for
eventual disposal by burial.

In the laundry, non-SWP clothing is handled separately from the SWP
clothing. All towels, socks, and non-SWP clothing are washed in equipment
used only for such clothing. Ozonite (a detergent) plus Wyandotte 33 (an
abrasive powdered clay) is used as a washing agent for this clothing.



A special procedure is used for washing normal SWP clothing (<6 mrad/
hr.). Acetic acid is first used to effect the removal of all radioactive
contaminants. After a water rinse, washing with Ozonite plus Wyandotte
33 and soda ash completes the process. If the survey after washing indi-
cates any residual contamination, the procedure is repeated until all con-
tamination has been removed. More highly contaminated clothing (6 to 50
mrad/hr.), wrapped separately, is collected until a quantity sufficient to
warrant separate washing has been collected. SWP rubber goods are decon-
taminated by use of acetic acid-and then washed.
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CHAPER XXII. HAZARDS OTHER THAN RADIATION

In this chanter the nature and extent of fire, exTlosion, and physio-
logical hazards from Purex nrocess chemicals are discussed. Design fea-
tres incorporated into the plant to eliminate or minimize these hazards
and any special operational precautions required are reviewed.

A. FLAIMMABTLI['Y AND EXPLOSIVENESS

Potential fire and explosion hazards in the Purex Plant arise pri-
marily from the use of a moderately flammable organic solvent. Another
potentially hazardous material, besides the solvent, is hydrogen gas,
evolved in certain process steps. Suppression of fire and explosion
hazards has been a prime consideration in the design of the Purex process
and of the Purex Plant. This section of the manual is a discussion of
these hazards with particular emphasis on (a) their extent, (b) engineer-
ing features designed to eliminate or minimize them, and (c) any special
operational precautions required.

1. Definition of Terms

Definitions of special terms used in this chapter relative to flam-
mability and explosiveness are presented below. Flash point is the lowest
temperature at which sufficient vapors are given off by a liquid to form
flammable vaor-air mixtures capable of ignition by an ooen flame. The
flash point may be taken as one index of fire hazard. Flash-point de-
terminations may be made in either closed-cup or open-cup apparatus. The
results from ooen-cup determinations are affected by conditions of the
room atmosphere and are usually several degrees higher than closed-cup
flash points.

Ignition temperature is the lowest temperature at which a flammable
gas or vapor ignites spontaneously without the application of visible
means of ignition.

Fire point is the lowest temperature at which a liquid will vapor-
ize sufficiently to burn continuously when ignited.

Lower explosive limit (L.E.L.) is the lowest percentage, by volume,
of flammable vapor in air in which flame propagation can occur.

Upper explosive limit (U.E.L.) is the highest percentage, by volume,
of flammable vapor in air in which flame propagation can occur.

Vapor-air mixtures with vapor concentrations below the lower or a-
bove the upper explosive limit are said, respectively, to be too "lean"
or too "rich" to support combustion. Flashes of flame may appear, but
the flame will not propagate at an explosive rate.

2. Solvent

The solvent used in the Purex Plant is a solution of tributyl phos-
P ) in a hydrocarbon diluent of the kerosene class. While both

40
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comoonents are combustible, tteir relativel- low volitilities and high flash
points oreclude the oossiility of fire or explosion under normal prescribed
condimions of their use in the Purex Plant. Potential hazerds exist, how-
ever, from abnormal or non-standard conditions.

2.1 Flammability properties

The flash and fire points of several potential comoonents of a Purex
solvent are noted below.

Flash Point, *F.
TB, Diluent, and Tag Fire
TBP-Diluent Glose Po t.
Mixtures c-p(,a) cup15) OF. 5)

Shell Deodorized Spray Base** 150 180 185
Shell Deodorized Suray Base + 155 --- 195

L2.5t% TFP(by vol.)**
dbell Deodorized Spray Base + 162* --- -

30% PBP**

3tandard Oil Base 113 165 165
(Al TCl

S'andard Uil Base --- 185 185
_il "C" + 12.5% TBP

Deobase 162 185 195
Deobase + 12.5% TP --- 200 200

Itrasene 161(16) _
Ultrasene + 30% TBP 163(16) _

Soltrol - 170 192 --- --

TBP 295(15)

*)txtrapolated from data presented in Reference (1).
**)Shell Spray Base data also apply to Shell E-2342.

Addition of BP to diluent lowers the diluent vapor pressure in pro-
portion to the amount of TBP added, and consequently raises the fire and
flash Points. It is most Probable that Shell Deodorized Soray Base, or a
hydrocarbon with very similar properties, containina 30% TBP by volume
will be used as the Purex solvent. Since the maximum onerating temperature
tor Purex solvent in contact with air is about 1200F., a comfortable margin
of safety exists between the flash point of the solvent and normal operating
conditions.

Properties of specific diluents, other than fire points or flash points,
nave not been reported. The values shown below are for kerosene, and may be
regarded as approximately correct for typical Purex diluents.

=; x~iS
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Lower exolosive limit: 1.16% by volume (8)

Upper explosive limit: 6.0% by volume

Ignition temperature: 490 0 F. (8)

2,2 Extent of solvent handling hazard

The bulk of the solvent within the 202-A and 276-A Buildings is nor-
mally handled by the following solvent feed tanks:

Name of Vessel Vessel Number

1TO TK-A TK-G5
110 TK-B TK-G7
210 TK-A TK-RS
210 TK-B TK-R7

Recovered Solvent Tank TK-324

These tanks have a total working volume of 49,000 gal. and the nor-
mal in-process inventory will aoproximate this volume.

Diluent and TBP storage facilities are provided in the 211-A Chemi-
cal. Tank Farm. The following tanks are located in this area:

Nominal
Tank Tank Volume, Normal Tank

Name of Tank Number Gal. Inventory, Gal.

Diluent Storage Tank TK-ho 65,000 50,000 to 69,000
TBP Storage Tank TK-4l 30,000 25,000

The fire and explosion hazard is small in both of these areas. Flam-
mable vapor-air mixtures are not produced at normal operating temperatures
and heating of the solvent is not contemolated. The 211-A Chemical Tank
Farm is an outdoor installation, and the tanks within this area are vented
to the atmosphere.

2.3 Plant precautions

Fire prevention in the Purex Plant is accomnlished by keeping the sol-
vent concentration in air too "lean" to support combustion. A further safety
factor is achieved by avoiding sparks through the use of non-soarking tools
and rotating equipment. Since the Purex process uses a solvent which at
the prevailing temperatures is below its flash point (a "Class III"solvent),
the use of an inert-gas blanket is not required for flammability control.
Fire-detection and control in process areas is through the use of Fireye
and temperature-activated alarms and manually operated fire-fog units.

In the prevention of fire by maintaining vapor concentrations too lean
to support combustion, primary reliance is placed on the control of the
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tetroerature of the solvent and/or diluent, As noted above, the flash point
o- obell Deodorized Spray Base containing 30 volume noer cent TBP in air
is about i620 F.3 whereas the highest tem')erature attained by the solvent
in contant with air in the Purex nroceqs is about 1200F.; this 40OF. differ-
ential is provided to comensate for operational and instrument variations
and to provide a margin of safety. The accumulation of notentially danger-
ons pockets of vapors in process areas is orevented by adequate ventila-
tion, as described in Chanter XI, Additional provisions to avoid solvent
tires are made by using non-sparking tools and rotatinu equioment in sol-
vent-handling areas, where all el:ectrical Pqunjment is installed in ac-
cordance with the National. Electrical Code-- requirements for handling
Class III solvents,* Soprk-oroducing devices, such as switches, relays,
and !uses, are installed in zones where solvent vapors are essentially ab-
sent. Detailed design criteria for the electrical equipment in the Purex
Plant are contained in Reference (17).

The detection of fires in the processing areas is primarily by use
of Pireves, photoelectric devices which "see" a fire and activate an
Wlarm. Sensing elements "view" each cell of the Canyon, the Head Tank
Room, the Orpanic Make-up Tank, and the Organic Vault (276-A Building), and
acnivate an alarm in the Central Control Room when a fire is detected. An
auxiliary detection device is a muatipoint temperature recorder which acti-
vates an alarm in the Central Control Room whenever an unusually high air
temnerature is detected in any of the Canyon cells. A sectionalized fire-
fog system is provided for each of the Canyon cells and organic handling
areas. The manual controls for the remotely operated valves in the fire-
og system are located in the Central Control Room.

3. Hydrogen

3.1 Exolosive limits of hydrogen

The nhysical properties of hydrogen pertinent to flammability and ex-
nlosiveness are listed below:( 1 0 )

ignition temperature- 105509.
,ower exolosive limit* b.1% by vol. in air
Upper explosive limit: 7&% by vol. in air

3.2 Evolution of hydrogen during feed preparation

The evolution of hydrogen during the jacket removal operation is
suppressed by the addition of sodium nitrate to the sodium hydroxide solu-
tion. Data have indicated a maximum hydrogen content of- l in the off-gas
during jacket removal operations. The chemistry of jacket removal is dis-
cussed in Chapter III.

*) The design of electrical equipment and electrical connectors, in ac-
cordance with these requirements, is not of the "exolosion-proof"
type and is not suitable for use with a flammable liquid'at or above
its flash noint, even though it meets aporoved safety standards for
handling Purex-Plant diluent and TBP-diluent mixtures abtth tempera-
tures discussed above.

J W -0
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3.3 Evolution of hydrogen during preparation of ferrous sulfamate solution

In the preparation of a 7-day supply of ferrous sulfamate solution,
about 4200 cu.ft. of hydrogen are produced during the reaction of iron pow-
der and sulfamic acid, the bulk of the hydrogen being produced during the
first hour of preparation. Ignition of hydrogen is prevented by blanketing
the Ferrous Sulfamate Make-Up Tank, TK-103, with nitrogen supplied from
cylinders. The inert-gas purge and gaseous reaction products are dis-
charged to the atmosphere outside the building through an individual stack
equipped with a seal pot and damper-blower assembly.

L. TEP-Nitric Acid and TBP-Uranyl Nitrate Reactions

L.1 Nature and conditions of the reaction

Trihutyl phosphate is capable of reacting exothermically with heated
solutions of nitric acid and/or uranyl nitrate. The reaction may oroceed
with various degrees of vigor, depending on the temperature and composition
of the reacting mixture. Under extreme conditions it may assume disruptive
violence.(13) The temperature required for initiation of a rapid TBP-
HNO 3 or TBP-U02(NO3)2 reaction is a function of the composition of the re-
acting mixture. However, tests at atmospheric pressure have indicated
that the temperature of the charge must be in excess of 2650 F. (13000.) for
a rapid TBP-U0 2 (NO3 )2 reaction to take place, and above 285 0 F. (1000.) for
a rapid TBP-HNO3 reaction. A more detailed discussion of the chemistry of
these reactions appears in Chapter IV.

h.2 Location and extent of hazard

The potential hazard of a rapid TBP-HN03 or a TBP-U0 2 (NO) 2 reactionis oresent only in the uranium, plutonium, and waste concentrators. These
continuous concentrators normally operate at a temperature below 2400F.,
which is safely below the 2650F. or 285 0 F. temperatures required to ini-
tiate a rapid TBP-UO,(NOI) 2 or TBP-HN0 3 reaction. Also, TBP is normally
present only in negligibly low concentrations in these concentrators.
The potential hazard arises from accidental introduction of TBP into the
concentrators coinciding with accidental over-concentration of the aqueous
liquid to a composition at which the boiling point exceeds the temperature
required for initiation of the TBP-HN03 or TBP-U0 2(NO3)2 reaction.

i.3 Plant precautions

The Purex Plant is designed to prevent a rapid TBP-HN03 or TBP-
U02(N03)2 reaction by minimizing the concentration of TBP in the processconcen rators and by limiting the maximum temperature permitted in these
vessels to a value well below the temperature required bo initiate the
rapid reaction. The presence of TBP in the concentrators is minimized
by passing the aqueous feeds through pulse-column liquid-liquid disen-
gaging sections with a minimum residence time of apnroximately ten min-
utes (at ten tons uranium per day). In addition, the feeds to the
uranium and plutonium concentrators are steam stripped prior to enter-
ing the heat-exchange zones. Safety devices are also provided to
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prevent an accidental overconcentration of process solution with an accom-
canying temoeratlra high enough to initiate a rapid TBP-HNO3 or TBP-U02(NO3) 2
reaetion. These devices ard noted below.

kctivation Condition
U, Pu Concentrator; Waste

Safety Feature Waste Rework Tank Concentrator

Solution high-tempdrature alarm. 2500F. 2650F.
Solution high temperature shuts off 2600F. 2800F.
steam supply.
High pressure in steam chest shuts 30 D..ig. 40 p.s.i.g.
off steam suoply.
Low liquid level shuts off steam When tipper dip tube for
supply. specific gravity measure-

ment is not submerged.

A more detailed discussion of the concentration of uranium and plutonium
solutions, and of acid recovery and waste concentration is presented in Chap-
ters VII and X, respectively, For information on the design of the concen-
trator safeguard instruments reference is made to Chapter XVII.

S. Rapid Nitration of Diluent

Because of the known reactivity of HNO3 with olefins to form potentially
hazardous dinitro-olefins (and to a lesser extent with aromatic hydrocarbons),
the hydrocarbon diluent used in the Purex process should be essentially free
of olefins and aromatics. To preclude the possibility of such nitrating re-
actions in the Purex Plant3 diluent specifications conservatively permit a
maximum olefin-olus-aromatic concentration of only 2 Der cent. Although the
maximum safe olefin concentration in the solvent has not been demonstrated
experimentally, diluent meeting the above specification (2 per cent olefins
plus aromatics) is known to be well on the safe side.

6, Sodium Nitrate

Sodium nitrate contains a high fraction of oxygen, some of which is re-
leased at high temperatures apd can supporb the combustion of any flammable
material in the troximity.(10) Because of this characteristic, sodium ni-
trate is kept isolated from organic liquids or other easily oxidizable materi-
als.. This chemical is received and stored in paper bags, each containing
100 lb., in the 271.A Warehouse.

B. PHYSIOLOGICAL EFFECTS OF PROCESS CHEMICALS

This review of the physiological effects of the process chemicals is
oresented to assist supervision in recognizing and minimizing the health
hazards involved in the operation of the Purex Plant. Detailed handling
procedures and first-aid advice for snecific exposure instances are beyond
the score of this section.
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Maximum allowable concentrations (M.A.C.) are given for those materi-
als which may be present as a gas, mist, or dust. The maximum allowable
concentration is defined as the maximum concentration in air of a dust,
fume, or vapor to which a worker may be exposed for 8 hours daily, with-
out significant harmful effects.

In the Purex process the chemicals which may present a health hazard
are TBP, diluent, nitric acid, oxides of nitrogen, sulfuric acid, sodium
hydroxide, uranium, plutonium, and radioactive fission products.

1. TBP (Tributyl Phosphate)

TBP is a colorless, o orless organic liquid, which is used commer-
cially as a Plasticizer. 7) Due to its very low volatility, TBP varors
are seldom present.

1.1 Physiological effects

No toxic effects due to TBP are specified in the literature. It
is exoected that TBP, like most organic solvents, will dissolve the
oils of the skin, causing cracking and irritation.

1.2 Tolerance concentrations

No limits are specified in the literature for either external ex-
oosure or ingestion.

1.3 Extent of hazard

Drums of TBP are received in carload lots and are emptied by a
portable pump into the 30,000-gallon TBP Storage Tank, TK-hl, at the 211-A
Chemical Tank Farm. All other handling of TBP is accomplished with per-
manently installed pumps and piping. Thus the possibility of TBP con-
tacting the skin during sampling or unloading operations presents the
only recognized hazard.

1.4 Precautions

Equipment for handling TBP was designed in accordance with normal,
safe chemical-plant practice.

2. Diluent

Hydrocarbon diluent is a highly refined kerosene whose ohysical
prooerties and appearance compare with commercial grades of kerosene.
Diluent vapors will tend to settle and accumulate at low points, since
they are heavier than air.

2.1 Physiological effects

Diluent is physiologically classed as an irritant. Inhalation
of the vapor causes irritation of the mucous membranes of the eyes and
nose. Watering of the eyes and coughing, with expectoration, are
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evidences of internal irritation. In common with other organic solvents,
diluent has the property of dissolving the oils of the skin, causing dryness,
cracking of the skin, and irritation. Also, under unusual conditions, dil-
uent may be an anesthetic hazard. The early symptoms are impairment of men-
tal and physical faculties and dizziness. If the symptoms of dizziness or
irritation to the eyes and nose are experienced, the affected individual
should get fresh air immediately.

2.2 Tolerance concentrations

No limits are specified in the literature. The maximum allowable con-
centration for Stoddard Solvent, a hd rocarbon distillate similar to the
Purex diluent, is about 500 p.p.m.(3)

2.3 Extent of hazard

Normally, the diluent inventory consists of 35,000 to 50,000 gal. in
the 202-A and 276-A Building process vessels and up to 60,000 gal. in stor-
age at the 211-A Chemical Tank Farm. The possibility of diluent contact-
ing the skin during sampling operations or because of leaks or spills is
the greatest potential hazard to be encountered in handling the diluent.
Hazardous vapor concentrations might arise if large volumes of diluent were
to be released in an oerating area in some manner, such as by rupture of
piping or process equipment at the Solvent Blend Tank, TK-RlA, located in
the 202-A Building.

2.4 Precautions

Equipment for handling diluent is designed in accordance with normal,
safe chemical-plant practice. In the 202-A and 276-A Buildings, the venti-

lation system maintains diluent vapors below hazardous concentrations.
The 211-A Chemical Tank Farm is an open area which permits hazardous vapors
to escape to the surrounding atmosphere, where they are diluted to negli-
gibly low concentrations.

3. Nitric Acid

Nitric acid is a highly corrosive, mineral acid. The proper types of
protective gloves, clothing, and goggles must be worn when handling this
material.

3.1 Physiological effects

Indication of the magnitude of the contact hazard of nitric acid is
given by tests which have shown that 70% HNO 3 produces definite skin burns
in 5 to 15 seconds. Burns of first, second, or third degree may result
from nitric acid contact. Skin which has contacted nitric acid must be
washed with water immediately before it can cause very severe, possibly per-
manent damage.

In cases of ingestion, severe internal burns may be experienced. The
patient should be given copious amounts of a lukewarm fluid such as salt
solution, soapy water, or milk, followed by egg whites and milk. Vomiting
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should be induced as soon as possible. Emetics and carbonates should be
avoided.

3.2 Tolerance concentrations

While a prolonged contact with dilute (say less than 5%) nitric acid
will cause stinging and mild irritation of the skin, contact with con-
centrated (say greater than 50%) acid will cause severe burns in a matter
of seconds. Precautions should be taken to keep such contacts at an ab-
solute minimum.

The ingestion of nitric acid should be avoided. While no permissible
limits were found in the literature, the ingestion of 10 ml. of concen-
trated acid is considered fatal.

When nitric acid is present as a mist, concentrations as low as 100
p.p.m. may cause irritation of the mucous membranes of the nose, throat,
and lungs. A few breaths of vapors containing 200 to 700 p.p.m. of
nitric acid can produce severe pulmonary damage which may cause death in
five to eight hours.(l0)

3.3 Extent of hazard

The daily process consumption of 60% nitric acid is about 10,000 gal.,
when the plant is processing 10 tons of uranium per day. The greatest
contact hazards occur in equipment decontamination and in sampling solu-
tions containing nitric acid. Appreciable concentrations of nitric acid
as a mist will not normally be encountered in the Purex Plant. However,
nitric acid mist may be generated in exceptional circumstances--for exam-
ple, when nitric acid is moved by air pressure from one vessel to
another (an expedient not normally resorted to in the Purex Plant) and the
compressed air permitted to vent through the receiving vessel.

3.4 Precautions

As previously indicated, the proper types of protective gloves,
clothing, and goggles must be worn when handling nitric acid. Standard
chemical-plant design practice was followed in installation of the nitric
acid handling facilities. Deluge-type safety showers and hose bibs are
orovided at strategic locations in operating areas to provide for rapid
washing in cases of surface exposures, and should be kept operative and
accessible.

4. Oxides of Nitrogen

Oxides of nitrogen are formed when nitric acid contacts organic or
reducing materials such as uranium, sawdust, iron filings, etc. These
oxides, known generally as "nitrous fumes", consist of a mixture of NO,
NO2, and N204.

4.1 Physiological effects

The inhalation of nitrous fumes in concentrations above 60 p.p.m.
at first causes a painful burning and choking sensation. Exposure to
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concentrations greater than 120 p.p.m. may cause immediate loss of conscious-
ness. In either case, the after-effects of the exposure can be very serious,
leading to pulmonary edema (swelling of the lung tissue due to effusion of
a watery liquid into the cellular tissue), developing several hours after
exposure. The greatest danger from nitrous fumes is from exposure to con-
centrations of less than 60 p.p.m. Concentrations in this rane do not cause
any immediate discomfort, bat can result in a delayed effect. (U)The danger
signals are headache, spasmodic coughing, a choking sensation, and/or a burn-
ing skin.

Complete rest is very important after inhalation of nitrous fumes. The
individual should be removed, or remove himself, from the nitrous-fum at-
mosphrre immediately. It is important that the exposed individual be kept
warm and removed to a hospital immediately.

4.2 Tolerance concentrations

b Telow e()(i of nitrous fumes over a wide concentration range are listed

Concentration, as NO 2 ,
in Parts per Million Physiological Response

200 to 700 Rapidly fatal for short exposures.
(1/2 hr. or less at 700 p.p.m.)

100 to 150 Dangerous for even a short period.
(1/2 to 1 hr.)

100 Least amount causing coughing.

10 Maximum concentration (M.A.C.) for
continuous exposure according to
Massachusetts state law recognized
by most authorities.(12)

h.3 Extent of hazard

The greatest hazard of exposure to nitrous fumes comes from the fact
that its serious effects are not felt until several hours after the expo-
sure. Nitric acid contact with organic materials or metals, due to spills
or imoroper decontamination procedures, represents the chief source of
such fumes, and care should be exercised in all cases where nitrous fumes
are observed.

h.h Precautions

Nitrous fumes are best handled by controlling the orocesses that oroduce
them so that their concentration never exceeds the allowable maximum. If it
is necessary for an individual to enter an area where nitrous fumes are om-
sen,, he should be equipped with a suitable air mask and protective clothing.
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The oresence of oxides of nitrogen may be detected by odor and, to a
certain extent, by color.(9) A characteristic odor is distinct at con-
centrations of less than 5 6.n.m. in air. In well-lighted areas, 100
p.p.m. or more of nitrogen dioxide (NOo) in air exhibits a visible,
reddish-brown tint. It should be noted, however, that other oxides of
nitrogen (NO and N20) are practically colorless and that the relative
proportions of the different molecular forms are temperature dependent.
Thus, an atmosphere colored by oxides of nitrogen is orobably dangerous,but the absence of color does not necessarily indicate safety.

The concentration of oxides of nitrogen in air can be determined
precisely over the range of 5 to 5OO p.p.m. by volume by means of the
nhenoldisulphonic acid method.(1)

q. Sulfuric Acid

Sulfuric acid is a corrosive mineral acid widely used in the chem-
ical industry. In handling sulfuric acid the proper types of gloves,
clothing, and goggles must be worn.

5.1 Physiological effects

Sulfuric acid causes severe burns on contact with the skin. Con-
centrated sulfuric acid is a strong dehydrating agent, and this prop-
erty causes the burning and destructive action associated with it.
Sulfuric acid mist or vapor affects the upper resniratory tract, but
the action is not severe.

Sulfuric acid solashes on the skin should be rinsed immediately
with copious quantities of water. In case of ingestion of sulfuric
acid, the patient should be given milk of magnesia, up to 8 fluid ounces,
and quantities of water or milk, followed with egg whites and milk. Emet-
ics and carbonates should be avoided.

5.2 Tolerance concentrations

The maximum allowable concentration (M.A.C.) as fumes or mist is
1 r.p.m.(lO) Contact of the skin with the liquid should be minimized
and ingestion should be avoided.

5.3 Extent of hazard

In the Purex Plant, a maximum of 25 gal. of 93% sulfuric acid is
used daily for regeneration of the water-demineralizer units. The hazard
is considered small because of the small quantities involved and its
limited contact with personnel.

5.h Precautions

As previously indicated, protective clothing designed to prevent con-
tact of the chemical with the skin must be worn when handling sulfuric
acid. Standard chemical-plant design practice was followed in installa-
tion of the sulfuric acid handling facilities. Deluge-type safety showers

I loo
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aou hose bitbs are nrovided at strategic locations in onerating areas to uro-
vide tor rarid washing of surface exoosures.

Sodium Hydroxide

Sodiun hydroxide is a chemical widely used in industry. Proper orotec-
tive equipment, such as gloves, clothing, and goggles should be worn when
handling sodium hydroxide.

6,1 Physiological effects

,odium hydroxide is a dangerous alkali, as either the solid or liquid
form qackly attacks the skin and eyes. Severe burns (dehydration of skin
tissue) producing deep-seated, slowly healing ulcers and/or loss of finger-
nails may result from chemical reaction of sodium hydroxide with the skin.
There anpears to be an inactive period between the time of contact with
naustic and the appearance of the actual burn. No tinn should be lost in
wasning the part with water, since the inactive period probably does not ex-
ePec a TRew minutes. The skin should be washed with 2% acetic acid to neu-
TrLize 1he residual caustic and then with water. If the caustic is solashed
in the eyes, they should be washed with 5% boric acid solutions.

uo.ium hydroxide when dispersed as a dust or mist of.concentrated solu-
tions. is intensely irritating to the unner respiratory organs. Ulceration
oa the nasal nassapes may result from long or severe exOosure to such cor.di-
tions. Swallowinv caustic solutions is considered deadly. If sodium hy-
droxide has been swallowed, the patient should be given 2% acetic acid, up
ro 6 fluid ounces, followed by egg whites and milk. The natient should be
kent quiet and warm.

6,2 Tolerance concentrations

Whiln no limits are specified in the literature for exposure, contact
with the chemical as a liquid or as a mist should be avoided as much as possi-
ble. About 2 grams (30 grains) of NaOH taken internally may be sufficient to
cause death. )

Oa3 ftxtent of hazard

The daily process consumption of 50% sodium hydroxide is approximately
9qq gallons when the plant is processing 10 tons of uranium per day. This
entire amount is required for coating removal and for neutralization of the
combined process wastes, The hazard is thus localized to the tank farm and
the narts of the orocess noted above.

6t.h Precautions

Equinment for handling sodium hydroxide solutions has been designed in
aconrdance with normal chemical-plant practice. As previously indicated,
the proper protective clothing should be worn by operating personnel and the
saiety showers provided should be kept operative and accessible.

.4
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7. Uranium, Plutonium, and Radioactive Fission Products

Uranium, plutonium, and radioactive fission products represent a
serious health hazard. The principal physiological effects of these
substances is due to their radioactivity. The hazards involved in
their handling are discussed in Chapter XIX.

8. Other Process Chemicals

The other process chemicals, sodium carbonate, sodium nitrate, sodium
nitrite, sodium sulfate, sulfamic acid, and iron powder, are not hazardous
enough to warrant a detailed discussion. Reasonable care should be exer-
cised, however, in handling them to avoid skin contact and to assure that
ingestion does not occur.
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CHAPTER XXIII. CRITICAL MASS CONTROL

The main plutonium isotope, Pu-239, and the uranium isotope U-235 are
both capable of self-sustained nuclear-fission reactions. Although both
of these nuclides are handled in the Purex process, a chain reaction of
U-235, which is invariably associated with neutron-absorbing U-238, is
impossible under the conditions of the Purex process. This chapter, there-
fore, deals only with Pu-239 critical mass control.

A. INTRODUCTION

Pu-239 is capable of both slow-neutron and fast-neutron chain reactions.
Slow-neutron chain reactions result when the neutrons released by the fissicn
of a Pu-239 nucleus are moderated to lower energy levels by collisions with
other kinds of atoms before capture by other Pu-239 nuclei, which in turn
fission and continue the reaction. Fast-neutron chain reactions are basi-
cally the same, except that free neutrons undergo essentially no moderation
with other atoms and thus lose no energy before capture. A certain quantity
of plutonium must be present under a given set of conditions before a fis-
sion reaction can become self-sustaining. This quantity is called the
critical mass. Since the fission capture cross-section is smaller for
fast neutrons than for slow neutrons, a larger weight of Pu-239 is required
to produce fast neutron criticality. Under certain conditions as little
as 0.6 kilogram of plutonium may undergo slow-neutron chain reaction,
while a fast-neutron reaction requires at least 5 kilograms. Typical fast-
neutron reaction conditions -- plutonium concentrations above 5000 g./l.
and H:Pu atomic ratios below 5 -- are entirely foreign to the Purer process,
although less extreme conditions suffice for significant contribution to
slow-neutron reactions by neutrons of higher energy. The specificconcern
with critical mass in the Purex Plant is generally the prevention of slow-
neutron reactions of plutonium, with the potential contribution of higher-
energy neutrons being of concern only in exceptional cases, as noted later
in the chapter. This chapter presents the technical and experimental
background of the critical mass problem as well as the design features and
operational safeguards employed to preclude a critical accumulation of
Pu-239 in the Purex Plant. It will be evident from the following sections
that special critical mass control measures are required only in connection
with equipment containing plutonium after it has been separated from
uranium.

B. CRITICAL MASS FOR SLOW-NEUTRON FISSION

The amount of plutonium required to reach criticality is dependent on
a number of factors which affect either moderation (slowing down) of fast
neutrons or the possibility of neutron capture by the Pu-239 present.
The principal factors include: (a) the relative abundance of the various
plutonium isotopes, (b) the concentration of the plutonium, (c) the nature
and concentration of other chemical elements present, (d) the geometry of
the assembly, and (e) the nature of surrounding materials.

-_..MM
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1. Minimum Critical Mass

The smallest conceivable volume for a self-sustained PA-239 chain reaction
would be with solid Pu-239, which would undergo fast-neutron reaction.
However, the smallest conceivable weight of plutonium which could sustain
a reaction would occur with the plutonium moderated for a slow-neutron
reaction. Such minimum conceivable critical mass under basic conditions
of the Purex Plant occurs when the plutonium is uniformly distributed in
an approximately 12-in.-diameter sphere, moderated and surrounded by
water. The value of the "minimum critical mass" varies slightly with
the total pile exposure that the parent slugs have received, because of
the increased concentrations of Pu-2 4 0 formed with increased pile exposure.
Pu-240 has a poisoning effect and inhibits the criticality of Pu-239.

The minimum critical mass for pure Pu-239 in water (which has
significance as a limiting case for plutonium produced at 0 megawatt-
day/ton pile exposure) has been calculated as 509 grams, and occurs at
a plutonium concentration of about 32.6 g./l. in a 12.2-inch-diameter
sphere. (This hypothetical value is derived from measured critical
masses by applying appropriate corrections for foreign ions and solid
walls of finite thickness necessarily present in experimental determina-
tions.) The minimum critical mass values for water-moderated plutonium
produced in slugs with various total pile exposure levels are shown on
Figure XXIII-1 and are summarized below.

Total Exposure Received Corresponding Plutonium Minimum
by Parent Slugs, Concentration, Critical Mass,

Megawatt-Days/Ton of U G. Pu/Ton U G. Pu

100 100 529
215 200 548
420 374 595
6oo 514 632
900 712 68o

2. Effect of Geometry

The effect of sphere or cylinder diameters on the critical mass is
shown in Figures XXIII-1 and XXIII-2. These curves are for completely
water-tamped" spheres and cylinders (i.e., curves for cases wh'ere a

large percentage of the neutrons which escape from the vessel are reflected
back to the plutonium mass). The critical mass is higher for air-tamped
(air-surrounded) spheres or cylinders, since few of the escaping neutrons
are reflected back to the plutonium mass. It may be noted on Figures
XXIII-1 and XXIII-2 that the critical mass of plutonium is highly
dependent on the geometry of the containing vessel as well as on the
plutonium concentration. In fact, a plutonium concentration above a
certain critical value is required to support a chain reaction in a
cylinder of any given diameter, even when the cylinder is infinitely
long. Figure XXIII-3 shows the effect of diameter on the critical
concentration of infinitely long, water-tamped and air-tamped cylinders
for plutonium produced at various irradiation levels. Extrapolation of
these curves to infinite critical concentration can be made to find
the maximum diameter of an "always safe" infinitely long cylinder, in
tl ow-neutron criticality is impossible.
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For 215 megawatt-day/ton U plutonium (200 g. Pu/ton U), safe cylinder
inside diameters for plutonium solutions are 7.6 and 5.4 inches for air-
tamped and water-tamped cylinders, respectively. As the irradiation
level of the plutonium increases the maximum safe diameters increase
because of the poison effect of the increased Pu-240 concentration.
As is indicated on Figure XXIII-3, when 400 megawatt-day/ton plutonium
is processed, the maximum safe inside diameters are 7.8 and 5.6 inches
for air-tamped and water-tamped cylinders, respectively.

As indicated on Figure XXIII-4, the "always safe" plutonium solution
thickness for 215 megawatt-day/ton plutonium in an air-tamped, infinitely
long and wide, slab-shaped container with zero wall thickness is approxi-
mntely 4.6 inches. For a water-moderated slab the "always safe" slab
thickness is reduced to approximately 1.9 inches.

3. Effect of Other Elements

The introduction of chemical ions into a plutonium solution generally
increases the critical mass. This increase is caused by the combined
effects of the substitution of non-moderating foreign ions for some of
the water moderator thus causing more neutrons to escape from the vessel
and the substitution of foreign ions with neutron absorption cross-sections
higher than that of water. Since the foreign ion absorbs the slow neutrons
and moderates less fast neutrons, the critical mass must be increased
to provide more neutrons to counterbalance the increased loss of neutrons
due to absorption and leakage. On Figure XXIII-l this effect is illus-
trated for nitrate ion, which is present in most Purex-process solutions.
As is indicated by Figure XXIII-l, the critical mass for 420 megawatt-
day/ton plutonium (374 g. Pu/ton U) increases from 595 grams with no
nitrate ions present to 754 grams when the solution contains 212 g. of
nitrate ion per liter. For 200 megawatt-day/ton plutonium an increase
in the nitrate ion concentration from 0 to 212 g./1. increases the cal-
culated critical mass from 550 to 710 g. Pu.

The uranium isotope U-238 also inhibits plutonium criticality,
rendering a chain reaction impossible in a solution containing the uranium
isotopes (notably U-238 and U-235) and plutonium in approximately the
proportions in which they are present in the pile-irradiated slugs.

4. Effect of Plutonium Concentration

The critical mass as a function of plutonium concentration passes
through a minimum at an optimum plutonium concentration, as shown in
Figure XXIII-1. The minimum critical mass for solutions containing
plutonium from 200 g./ton levels (0 N05) occurs at approximately 33 g.
Pu/l.

Figure XXIII-2 illustrates the variation of critical mass with
plutonium concentration in water-tamped finite cylinders of various
diameters.
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Figure XXIII-3 indicates the critical concentration in various
infinitely long air-tamped and water-tamped cylinders. The critical
concentration for these infinite cylinders falls rapidly towards an
asymptotic value as the diameter increases. For plutonium made at a
200 g./ton level the asymptotic value is about 7.8 grams of plutonium
per liter. For concentrations below this value, the solution is "always
safe", i.e., safe from chain reaction in any vessel, regardless of its
size and shape.

5. Effect ofiSurrounding Materials

The effects of surroundings on critical slab and cylinder geometry
were briefly discussed in Subsection B2 above. The following effects
were noted when the critical shape containing 215 megawatt-day/ton Pu
solution was surrounded with air and with water:

Geometric Shape (1/4-I.n.-Thick
Stainless-Steel Walls) Air "Tamped" Water "Tamped"

Maximum "always safe" infinitely 7.6 5.4
long cylinder inside diameter, in.

Minimum "always safe" infinite 4.o 1.9
slab solution depth, in.

As indicated. in the above table, surrounding a vessel with water instead
of air significantly affects the "always safe" dimensions. In those
portions of the Purex Plant where safe geometry has been employed, it
has been assumed that the vessels will be essentially "air tamped".
However, in the plant it is generally impossible to design an equipment
piece which is completely surrounded by air. In plant design, therefore,
the effects introduced by the surroundings must be considered and
suitable allowances made intthe geometry of the "always safe" vessel.
Among the effects which must be considered are the following:

(a) The thickness and type of container walls. The adverse effects
of increasing stainless-steel wall thickness on "always safe"
slab and cylinder dimensions are indicated on Figure XXIII-4.

(b) The presence of nearby objects which can moderate and/or
reflect neutrons to the "always safe" vessel. In this category
would fall the various appendages (e.g., auxiliary instrument
lines and support dunnage) to the vessel and confining cell
walls.

(c) The presence of nearby (or connecting) vessels which contain
neutron sources. When neutron sources are two feet or more
away from a vessel, 'interaction" effects are generally
negligible.

HW-315N_4e_
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In the design of the Purex 2A and 2B Columns, the maximum "always
safe" 4-in. slab thickness and 7.6-in. cylinder diameter are reduced to
3 in. and 7.0 in., respectively, to allow a suitable margin of safety
for the effects of surroundings.

C, METHODS OF CRITICAL MASS CONTROL

Accumulation of a critical mass of plutonium in any process sqlu-
tion may be prevented by the use of any of three basic approaches:
(a) safe solution control, (b) safe geometries, and (c) safe batches.

The method of safe solutions involves processing solutions of such
composition that they cannot become critical under any possible process
condition. Criticality is impossible in "safe solution" because of the
absorption of free neutrons by other elements in the solution. A solu-
tion cannot be considered safe without additional safeguards if any
condition for the separate precipitation of the plutonium is possible.

A plutonium solution too dilute to support a chain reaction may be
considered a safe solution without additional safeguards only when
conditions leading to precipitation of the plutonium cannot arise.

The method of safe geometries involves handling the plutonium in
isolated equipment of such size and shape that enough free neutrons
escape for criticality to be impossible in any contingency that may be
expected. The solvent-extraction columns in the Purex Plant which are
geometrically safe are usually referred to as safe columns. The diameter
of such columns is dependent upon the supports or-reflectors around-
them. These columns, designed against a slow-neutron reaction, are known
to be "critically safe" only for concentrations up to 500 g./l. No
experimental evidence is available that.would give assurance that a
chain reaction could not arise above that concentration under some
conditions, due to fast-neutron fission. In any case, the plutonium
content of the column would have to exceed a fast-neutron critical
mass (over 5 kg.) to make a chain reaction possible.

The method of safe batches involves handling the plutonium in
isolated batches which contain less plutonium than the minimum amount
which will become critical under the most unfavorable conditions expected.

D. CRITICAL MASS CONTROL IN TE PUREX PLANT

1. General

In the Purex Plant all three of the above-mentioned methods of
critical mass control are employed. In the initial processing steps of
the Purex Plant -- from the dissolvers through the Co-Decontamination
Cycle and the IA Column -- critical mass control is achieved by the
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principle of safe solution. In these process equipment pieces the
plutonium and uranium are present in the same ratio as they were origi-
nally in the irradiated natural-uranium slug and criticality is not
possible because of the neutron-absorption properties of the large
amount of uranium-238 present. By selective precipitation of plutonium
in the head-end vessels it would perhaps be possible to accumulate a
critical mass. However, the chemical conditions required to permit
selective precipitation are difficult to create (not believed possible
with chemicals available in the plant), and the possibility of accumula-
tion of a critical mass in these vessels is, accordingly, extremely
remote.

In connection with the IB Extraction and IB Scrub Columns and the
2AF Tank, control methods based on combinations of safe-solution and
safe-batch principles are employed (with additional partial employ-
ment of the safe-geometry principle in the IB Scrub Column), as dis-
cussed under D3, below.

In the Final Plutonium Decontamination Cycle and the plutonium
product concentration and sampling facilities, vessels of safe geometry
are used. In these facilities, critically safe slabs and cylinders are
used either alone or in safe combinations. In the design of the various
equipment pieces, consideration was given to the interaction and reflec-
tion effects for each specific equipment installation and suitable allow-
ances were made in the dimensions of the "critical" vessels to provide
a safe integrated unit. These safe-geometry vessels are critically
safe even if plutonium precipitates were to accumulate in them.

Batch limitations are employed in metering out of the plutonium
product solution into PR cans, even though batching is not required
from a critical mass control standpoint at the Purez Plant since both
the Sampler Tank and the PR cans are designed with critically safe
geometry. Batching is employed for accountability reasons and to pro-
vide critically safe batches suitable for handling in subsequent process-
ing facilities.

In determining the critical mass control methods to be employed,
as well as in the design of the various "critically safe" vessels, the
following basic assumptions have been made:

(a) The feed materials to be processed in the Plant will be
irradiated natural-uranium slugs. For irradiated natural
uranium in which the plutonium content is less than 1,800
grams per ton of uraniumthe resulting solutions are safe
because of the neutron absorption by the U-238.
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(b) The natural uranium slugs processed will be irradiated in the
piles to a level of at least 200 megawatt-days/ton U.* In
the design of the geometrically safe vessels this irradiation
level has been assumed in specifying critical vessel dimensions.
At higher irradiation levels the Pu-240 content of the plutonium
is increased. Since it acts as a poison the geometrically safe
vessels would contain a greater factor of safety for processing
higher irradiation-level slugs.

2. Geometrically Safe Equipment

As was indicated above, from the 2A Column through the rest of the
plutonium processing equipment in the Plant, safe geometry is employed.
Included in this equipment are: the 2A and 2B Columns, the Plutonium
Stripper, the No. 1 and N6. 2 Plutonium Concentrators and Condensers,
the Plutonium Receiver, the Plutonium Samplers, the Vacuum Tank, and the
PR cans. The design of the 2A and 2B Columns is indicated in Chapter XII,
while that of the concentration and sampling equipment is described in
Chapter XIII.

In the design of the geometrically safe equipment, cylinders and
slabs approaching maximum safe dimensions have been interconnected. In
the case of the 2A and 2B Columns, for example, the packed (plate)
section of the column is a 7-in. I.D. cylinder while the phase disengag-
ing spaces at the top and bottom of the columns are 4-in.-thick slabs
(3-in. inside height). To aid in the development of the design of these
columns and the other critically safe vessels, the following specifica-
tions have been adopted:

(a) "Safe columns" are limited to a maximum internal diameter of
7 inches and "safe slabs" to a maximum inside thickness of
3 inches. These dimensions are sufficiently smaller than the
actual critical diameters and thicknesses for air-tamped
assemblies (discussed in Section B) to allow for a reasonable
extent of reflection and interaction effects with surrounding
vessels, concrete, and structural members and thereby to
permit reasonable flexibility in design.

(b) The maximum size right-angle tee employed in an air-tamped
critical assembly is limited to 5-in. pipe.

(c) A 7-in. I.D. critical cylinder should neck down to 5 in. or
less for a distance of at least two feet before a sharp bend
or miter joint.

() A critical 3-in.-thick slab should neck down to a width of
12 in. before transition (i.e., conversion for attachment to
a 5-in. pipe).

*) For comparison, 215 megawatt-days/ton is the lowest anticipated
irradiation level for slugs to be processed in the Purex Plant.

goo
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(e) In general, pipes should not connect to the large flat faces
of critically safe slabs but should enter on the 3-in.-high
sides. Such pipes should extend 2 feet from the slab before
running perpendicular to the large flat faces of the slab.
For the 3-in. slabs used in the 2A and 2B Columns, calculations
indicate that half-inch pipes may enter directly into the
slab as long as t they are two feet apart.

(f) In general, pipes should not enter directly into the 7-in.
I.D. cylinders. Rowever, for the 2A and 2B Columns calcula-
tions have indicated that the construction used for the
"doughnut-type" distribution introduces no intolerable effects
as long as the 2-in. I.P.S. "doughnut" is at least 6 in. from
the outside shell of the cylinder. From the "doughnut" three
equally spaced 1/2-in. pipes lead into the cylinder proper.

(g) Geometrically safe assemblies should be placed at least two
feet from other vessels containing plutonium.

(h) The method of supporting a safe assembly is important. The
effects of supports and the surroundings must be considered.

3. IB Extractionand IB Scrub Columns and 2AF Tank

The 1B Extraction Column, the IB Scrub Column, end the 2AF Tank
rely primarily on safe solutions for critical mass control. During
normal or near-normal operation, the plutonium concentration in these
process vessels (0.2 to 0.6 g./l.) is far below the maximum safe con-
centration of 8 g. Pu/l.

In the 27-in.-diameter IB Extraction Column, the following safe-
guards are available in addition to dilution:

(a) In most of the IBX Column, uranium is present in appreciable
concentrations along with the plutonium.

(b) The estimated plutonium holdup in the 18 Extraction Column
during normal steady-state operation is 150 to 350 grams,
i.e., well under the 509 g. minimum critical mass, and it is
even less during start-up and shutdown.

During periods of abnormal operation it would be possible to
accumulate plutonium in the 18 Extraction Column. For example, if the
IBX and the aqueous effluent streams were shut off and the organic feed
were introduced to the column, plutonium would strip into the aqueous
phase. Under such conditions, the plutonium would build up until all
the iron reducing agent is oxidized. At HW #3 Flowsheet conditions.,
the limiting aqueous plutonium concentration would then be approximately
7 g./l., slightly less than the 8-g./l. minimum critical concentration.
The presence of uranium in both the continuous, aqueous and the dispersed,
organic phases provides an additional margin of safety.
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The 8-in.-diameter IB Scrub Column is safe against a slow-neutron
reaction by virtue of its geometry for any plutonium concentration up
to at least 85 grams per liter, i.e., approximately 150-fold the normal
flowsheet concentration of plutonium in the IB Scrub Column (at 600
megawatt-days/ton; 400 times the flowsheet concentration at 215 MWD/T).
Consideration of any possible off-standard operating conditions which
could result in such a drastic accumulation of plutonium in the IB Scrub
Column leads to the conclusion that such an occurrence is extremely
unlikely and would be detected long before the potentially unsafe con-
centrations of over 85 grams per liter are approached.

The occurrence of a nuclear chain reaction with the minimum potential
critical mass of plutonium for the 8-in. IBS Column (2.8 kg.) would
require the accidental co-occurrence of the following events, each
extremely unlikely in itself:

(a) Undetected holdup of at least 13 hours' plutonium production
within the column (13 hr. based on 10 tons U/day, 600 megawatt-
days/ton; more for lower irradiation levels).

(b) Even distribution of all the plutonium in the column (presumably
in precipitate form) in a 22-in.-long, 8-in.-diameter section,
with none of this plutonium nrecipitate falling into the
t always safe" slab bottom disengaging section.

(c) No substantial plugging of the sieve plates in the column
by the plutonium precipitate (since flooding of the column
as a result of such plugging would disrupt the flow of
plutonium-bearing solution to the column).

In the 26-in.-diameter 2AF Tank as in the two contactors discussed
above, primary critical mass control is achieved by the Pu concentration
being well below the critical concentration of 8 grams per liter. The
2AF Tank is safe also during normal operation since the plutonium holdup
(estimated 200 to 400 g.) is less than the minimum critical mass. The
tank could be made unsafe if process conditions existed which would
permit the formation and accumulation of plutonium precipitate in the
tank. However, such conditions are considered extremely unlikely. To
produce such conditions the following events must occur simultaneously:

(a) Caustic or some other plutonium precipitating reagent must
find its way into the tank. Sodium nitrite and nitric acid
are the only reagents continuously fed to the tank from gallery
headers. If caustic were inadvertently run in the nitric
acid header, operating difficulties would be encountered in
other portions of the Plant (e.g., precipitates formed in
A-type columns) serviced by the header. Such difficulties
would shut down the Plant before a critical mass could build
up in the 2AB Tank. The normal NaNO2 solution flow to the
2AF Tank is so small that insufficient caustic would be added
to the tank to cause precipitation if NaXO2 were inadvertently
replaced by caustic in the NaNO2 header.
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(b) Both agitators in the 2AF Tank must be off. If these agitators
are on, precipitate would be carried out of the tank and into
the 2A Column as it is formed. The agitator electrical circuits
are connected to an alarm system which indicates agitator
failure.

4. sumps

In case of rupture of an equipment piece containing concentrated
plutonium solution, the solution is collected in the cell sump. In
the design of L Cell (containing the final Pu decontamination, and
concentration equipment) and the PR Room sumps, "critically safe" slab
construction has been employed. The sumps have been so designed that -
the contents of all vessels in the cell may be dumped in the sump with-
out exceeding the critical plutonium accumulation of 0.25 g./sq.cm. of
floor space. To determine the presence of slight leaks and a possible
accumulation of Pu solution, the L Cell sump weight-factor dip tubes
have been connected to alarm lights on the operating panel boards.

5. Rework Effects

During periods of non-standard operation of the Purex Plant, it
will occasionally become necessary to rework waste and product solution
containing significant amounts of plutonium. To rework non-standard
plutonium-bearing waste or product batches, the solution is routed back
to the head end (the Dissolver, the HAF Make-Up Tank, or the Centrifuge
Feed Tank depending upon the nature of the solution) of the process
where it is combined with dissolver solution (or HAF). Special operating
precautions must be taken when batches are reworked to prevent enriching
the dissolver solution enough to produce critical mass difficulties.
As was previously indicated, the vessels at the head end of the process
are safe primarily because the plutonium content of the irradiated natural
uranium is less than 1,800 g./ton. Therefore, for each ton of irradiated
natural uranium present in solution in the HAF Tank or the Centrifuge
Feed Tank, the plutonium added by the rework solution must not result
in the presence of more than 1,800 g. of plutonium per ton of uranium,
with 1,200 g./ton constituting a desirably safe working limit.

6. Reflux Flowsheet Considerations

Operationaf the Purex Plant at reflux flowsheet conditions, i.e, with
the 2A and 2B Columns operated at chemical conditions which cause
plutonium to reflux and build up within the 2A-2B Column battery to
concentrations of 50 to 75 g. Pu/i., would make certain equipment and
procedure changes necessary for critical mass control.
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E. CONSEQUENCES OF EXCEEDING THE CRITICAL MASS

The possibility of accumulating a plutonium critical mass in the Purezx
Plant is extremely remote. It could occur only as the result of a number
of simultaneous abnormal events, each extremely unlikely in itself. If
a critical mass is accidently accumulated in any process vessel, the out-
come will depend largely upon the rate at which the supercritical condi-
tions are attained. The possibilities range all the way from (a) simmer-
ing at a temperature slightly above that of the room, through (b) slow
boiling, and (c) boiling at a pressure high enough to eject plutonium
solution through the vent system to the atmosphere, to (d) a steam
explosion with a temperature of at most 50000C. Cases (c) and (d)
are considered extremely unlikely. The most extreme conditions believed
at all likely if the critical mass is exceeded are: (a) development of
about two atmospheres of absolute pressure for less than 1/10 of a
second in the process vessel and (b) radiation sufficient to give a man
located behind 1-1/2 feet of concrete shielding a dosage of 70 roentgens
of gamma radiation.
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FIGURE flTI-3

CRITICAL CONCENTRATION
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FIGURE ]=TJ-4

EFFECT OF WALL THICKNESS

ON CRITICAL SIZE

STAINLESS-STEEL WALLS.
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A-TYPE COLUMNS - see Column HA,
Column IA, Column 2D, and
Columns, A-type

A-type sampler, 1803-5
Absorber - see Acid Absorber
Absorption coefficient, 2005, 2006,

2010, 2011
Acid Absorber, T-F5 (also see Acid

recovery)
chloride removal, 1011
corrosion, 1609
description, 1008-9-, 1315-16
operating diagram, 1009-11
operation, 1038-39

Acid absorption - see Acid Absorber
and Acid recovery

Acid concentration - see Acid recovery
and Acid Concentrators, E-F6 and
E-Fll-l

Acid Concentrator Condenser, E-Fll-2,
1006, 1314, 1315

Acid Concentrators, E-F6 and E-F1l-1
(also see Acid recovery)

description, 1006, 1313-14
heat loads, 1007
operating safeguards, 1007
de-entrainment, 1008
operation, 1036-38
ruthenium volatilization, 1008

Acid fractionation - see Vacuum
Fractionator, T-U6

Acid Fractionator - see Vacuum Frac-
tionator, T-U6

Acid recovery (also see Acid recovery
and waste disposal), 114-15, 1002,
1005-14, 1035-44)

absorption, 1009-11
alternate process flow diagram, 1006
concentration; 1006-8
fractionation, 1011-13
instruments, 1007, 1725
off-standard conditions, detection
and remedies, 1040-41

operating safeguards, 1007
procedures, 1035-40
process description, 1005-14
process equipment, 1005, 1006-7,

1008-9, 1011, 1014, 1313-16

Acid recovery (cont.)
process flow diagram, 1006.
recycle, 1013-14
recycle procedure, 1040
rework, 1014

Acid recovery and waste disposal,
114-15, 1001-49

economic advantage to Purex process,
1002

flowsheet, 115
Acid Storage Vault, 1120
Agitators, 1412 -

Air Tunnel, 1105
Alpha particles, 1902, 2003
attenuation, 2013
initial intensity, 2006
intensity calculations, 2019

Alpha-Simpson-Proportional (ASP)
Counter, 1811-12

Alternative flow schemes
backcycling of No. 2 Acid concen-

trator bottoms, 609
bypassing of decontamination cycles,

609
reflux plutonium decontamination

cycle, 114, 426, 610
Amercoat 33, 1613-15
Amercoat 55, 1613-15
Amercoat 74, 1614-15
Amercoat 1574 - see Amercoat 74
Americium

analytical determination, 1810
distribution ratio, 481
extraction in HA Column, 417

Ammonia scrubbers, 309, 1312
Ammonia scrubbing, 309, 1032-33
Amplitude

definition, 512
effect on H.T.U. and capacity, 537

Amplitude-frequency product
definition, 512

.effect on decontamination perform-
ance, 57W

effect on H.T.U. and capacity, 537
Analytical and Control Laboratory,

1109-10
utilities, 1109
waste disposal, 1109-10
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Analytical methods, 1809-12
Antidotes

nitric acid, 2209-10
nitrogen oxides, 2211 - -

sodium hydroxide, 2213
sulfuric acid, 2212

Aqueous make-up, 801-13
decontamination solutions, 2106
demineralization of water, 804-7
ferrous sulfamate make-up, 808-9
make-up and distribution facili-

ties, 803-4
make-up and distribution of proc-

ess streams, 809-13
process flow diagrams, 803-4
routing of nitric acid, 807-8-
sources and consumption-of mate-

rials, 802-3
volumes and compositions of

streams, 802
Aqueous Make-Up Facility, 1109

tanks, 1307-8' '
Aqueous process streais

make-up and distribution, 809-13
volumes and compositions, 802

Aromatics and olefins, analytical
determination, 1810

B-TYPE SAMPLER, 1805-7
Bayonet replacement sampler, 1807
Bayonet sampler, 1806-7
Beta-Gamma-Offner (BGO) Counter, 210,

1811, 1812
Beta particles, 1902, 2003- -

attenuation, 2013
initial intensity, 006- -

intensity calculations, 2019
Blueprint file numbers, 1121
Boiling point of uranyl-nitrate-nitric

acid-water systems, 446
Boiling range of dilueflts. 436
Buildup factor, 2010-11

C-TYPE COLUMNS - see Column HC, Column
IC, Column 21-, -and CoIiluns-C-type

Canyon
construction features, 122
cranes, 1104-5, 1502-5
equipment removal and repair,

1508-10 - -
fire detection, 1106

Canyon (cont.)
fire-fighting features, 1106
general description, 1104-5
piping, 1105-6
shielding, 2021-22
special features, 1106
tanks, 1305-7, 1311, 1319-20
vacuum cleaning, 1106
vessel and condenser vent systems,

1107
wash-down nozzles, 1107

- water fog, 1106
Capacitance probes, 1713-15
Capacity (see also Flooding capacity)

increase with HW #4 flowsheet, 116
plutonium concentrators, 719, 721
Purex-Plant design capacity, 103-4
solvent-extraction columns, 554-66,
1202

-- uranium concentrators, 705
'Cartridge descriptions; 1203-5
Cartridge height

-- effect on H.T.U., 539
Caverns, 1003, 1119
- description, 1027-28
Cavitation, 1213-15
Cell layout, 1105
Central Control Room, 1109
Centrifugation

feed (HAF), 311
solvent, 911-13

Centrifuges, 1316-17
Cerium
analytical determination, 1810
-distribution ratio, 475

Cesium, analytical determination, 181D
Chemical determinations, 1810
Chemical flowsheet - see Flowsheet
Chemical handling Irecautions, 22u7-14
Chemical make-up - see Aqueous make-up
Chemical requirements

aqueous make-up, 802-3
Purex Plant, 123 -

Chemical Tank Farm, 211-A, 1117
prosdas flow diagram, 803-4
storage capadity, 1117-
tanks, 1309-10 --

Chloride ion
accumulation in Acid Absorber, 1011
accumulation in Vacuum Fractionator,

1013
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Clarification

dissolver solution, 311
solvent, 906, 911-13

Class I vessels
definition, 1302
design considerations, 1303-4

Class II vessels
definition, 1302
design considerations, 1304-5

Class III vessels
definition, 1302
design considerations, 1305

Coc'irrent extractior, 504
Co-Decontaminat-ion Cycle, 112, 603-4

flow control, 604
process flow diagram, 602
steady-state operation, 603

Column equations, 513, 515, 569
"Cold" Solvent-Building, 276-A, 1120

tanks, 1308-9
Column diameter, effect on H.T.U. and

capacity, 539-40
Column HA (see also Columns, A-type)
americium extraction, 417
curium extraction, 417
decontamination from fission pro-
ducts, 414-16

design specifications, 1202-8
H.E.T.S. and H.T.U. calculations,

519-23
minimum flow ratio, 528-29
neptunium extraction, 417
nitric acid-extraction, 416
plutonium extraction, 413-14
process description, 412-17
uranium extraction, 412-13
uranium reflux, 412?
uranium X and X5, extraction, 417

Column HC (see also Columns C-type)
decontamination from fission pru-

ducts, 419
design specifications, 1202-8
H.E.T.S. and H.T.U. calculations,

523-26
minimum flow ratio, 539
process description, 417-19'
uranium stripping, 417-18
uranium X, and Xp stripping, 419

Column IA (see also Columns, A-type)
design specifications, 1202-d
minimum flow ratio. 1528-29
process description, 420

Column IB Extraction
design basis, 547
design specifications, 1402-8
performance characteristics, 560-62
process description, 420

Column IB Scrub
design basis, 547-48
design specifications, 1202-9
performance characteristics, 562-63
process.description, 42

Column IC (see also Columns, C-type)
design specifications, 1202-8
minimum flow ratios, 529
process description, 422

Column 10 (see also Columns, 0-type)
design specifications, 1202-8
effects of operating conditions,

910-11
process description, 907-8

Column 20 (see also Columns, 0-type)
design specifications, 1202-b
effects of operating conditions, 910-11
process description, 908

Column 2A
design basis, 549-50
design specifications, 1202-9
performance characteristics, 56 -64
process description, 424-26

Column 2B
design basis, 550-51
design specifications, 1202-9
performance characteristics, 564
process description, 426

Column 2D (see also Columns, A-type)
design specifications, 1202-8
minimum flow ratio, 528-29

Column 2E (see also Columns, C-type)
design specifications, 1202-8
minimum flow ratio, 529

Columns, A-type (see also Column HA,IA,2D)
design basis, 543-45
performance characteristics, 555-57

Columns, C-type (see also Column HC,IC,2E)
design basis, 545-47
performance characteristics, 557-60

Columns, 0-type (see also Column IO, 20)
design basis, 551-53
performance characteristics, 565-66

Columns, solvent-extraction (see also
Pulse columns), 508-89, 1201-17

capacity, 554-66, 1203
cartridge construction, 1205
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Columns, solvent-extraction (cont.)

construction, 1209 -
critical mass control, 1209
Itcrud" formation, 582-83
description, 509-10
design basis, 542-54
design specifications, 542-43,

1202-9 -
development of specifications,

542-54
dimensions, 1202
disengaging section, 1206-7
distributors, 1206
drawings, 1209-10
dual-purpose type, 511
emulsifications, 583
emulsifying impurities, 585
emulsion-induced instability,

585-86
extraction performance and capacity,

554-66
functional requirements, 543
instrumentation, 1207, 1710-15
interface instruments, 1710-15
louver plate design, 1204
operating procedures, 602-9
performance characteristics, 529-32,

554-66
pressure instruments, use, 579-82
plate and packing design, 1203-5
pulse conditions, 1202-3
pulse generators, 1210-13
pulse transmission lines, 1213-15
simple type, 511
stage requirements, 526-27
transfer-unit requirements, 526-27
variables affecting performance,

529-41, 554-66
Compton scattering, 2008 -
Concentration - see Acid concentra-

tion, Plutonium concentration,
and Uranium concentration

Concentration of uranium and plutoni-
um solutions, 701-29 -

Concentrators - see Acid concentrators,
Plutonium concentrators, and Urani-
um cornentrators

Concentrator corrosion, 1607-8
Condenser vent system, 1107
Condensers, 1314-15, 1319
Connectors - see Remote connectors

Construction materials, 122,
1602-10

bases for selection, 1602
plastics, 1610-12
stainless steel, 1603-10

Contamination clean-up, 2101-2116
Contamination limits
air, 1905-6
clothing, 2115
drinking water, 1905-6
personnel, 1906, 1907
surface, 1907

Cooling water disposal, 1119
Corrosion - see Stainless-steel

corrosion
Corrosion rates of stainless steels,

1607, 1608, 1609
Countercurrent multicontact extrac-

tion, 504-5
Crane cab gallery, 1107, 1108
Crane Maintenance Platform, 1510
Cranes (see also Master Crane and

Slave Crane), 1502-5
Cribs - see Caverns
Critical mass
definition, 2302

Critical mass control, 122, 2302-12
consequences of exceeding the

critical mass, 2312
effect of reflux flowsheet, 2311
methods, 2306
plutonium concentration, 723
Purex-Plant, 2306-11
rework effects, 2311
safe geometry design specifica-

tions, 2308-9
solvent-extraction columns, 1209

Critical mass of plutonium, 2302-6
effect of concentration, 2304-5
effect of geometry, 2303-4
effect of other elements, 2304
effect of surrounding materials,

2305-6
minimum, 2303
variation with pile exposure, 2303

Cross-over oxidation, process des-
cription, 423-24

Curie, 1904, 2004, 209-10
Curium
distribution ratio, 481
extraction in HA Column, 417
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DECONTAMINATING SOLUTIONS, make-up
and routGing--'

Decontamination Cll, 1509
Decontamination ractor

definition, 110
Purex-process flowsheet, 110

Decontamination in solvent-extrac-
tion columns, 566-79 -

Decontamination of surfaces, 2101-16
clothing, 2115-16
concrete, 2112
glass, 2112-13
influencing factors, 2105
iron and carbon steel, 2112
Lucite and Plexiglass, 2113
principles, 2103-4
protective coatings, 2114
skin, 2114-15
stainless steel; 2106-11
use of ultrasonics, 2110

Decontamination performance
effect of operating variables, 574-79
HA Column, 414-16
ion-exchange, 428-29, 573
pilot-plant pulse column studies,

572-79
pilot-plant results vs. Purex-Plant

requirements, 579
silica-gel, 427-28, 573
vs. Nt for A-type column dual scrub,

571
vs. Nt for A-type column single

scrub, 569-70
vs. number of-scrub transfer units,

568-71 -
Decontamination sections, design basis,

566-67
De-entrainment, 708-10, 720, 722, 1008
Deepwell turbine pump, 1402-6
Demineralization of water, 804-7

operating cycle, 806-7
process, 805-6
regeneration of ion rxchangers, 806

Demineralized water (also see Demin-
eralization of watey), 804-7

distribution, 810
flowsheet requirements, 803
specifications, 805

Demineralizer - see Water Demineral-
izer

Density (see also Specific gravity)
ferrous ammonium sulfate-water

solutions, 456
plutonium nitrate-nitric acid water

solutions, 448
sulfamic acid, 454
tributyl phosphate-diluent solu-

tions, 438-39
uranyl nitrate-nitric acid-tributyl
phosphate-diluent solutions, 440-
41

uranyl nitrate-nitric acid-water
solutions, 445

Design basis
Purex Plant, 103-4
solvent-extraction columns, 542-59

Dibutyl phosphate
analytical determination, 1810
properties, 432-33, 434-35

Differential-pressure instruments,
1710-15

Diffusivity, effect on .T.U., 535-36
Diluent

chemical properties, 435, 437-38
choice of, 406
function, 406
handling hazards and precautions,

2204-5, 2209
physical properties, 435-37
physiological effect, 2208-9
radiation stabilit', 437
rapid nitration, 2207
tolerance concentrations, 2209

Diluent-tributyl phosphate - see tri-
butyl phosphate-diluent

Dilution flasks, 1805
Disengaging sections, 1206
Disengaging time, 460

analytical determination, 1810
Dispersion characteristics, 457-61
Dispersion times, 460-61
Disproportionation of plutonium, 450
Dissolver off-gas

composition, 308
filtration, 310-11
fission-product radioactivity, 308

Dissolver off-gas treatment, 308-11
ammonia scrubbing, 309
procedure, 316

Dissolv'r solution
nitr(ub acid treatment, 314

am
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Dissolver Tower, 1311-12 _.
nitrogen oxide recovery, 305-6

Dissolvers, 1311 -
Distribution ratio, definition, 404,

462
Distribution ratios

americium, 481
beta-emitting fission products,

472
curium, 481
fission products, 471-77
gamma-emitting fission products,

472
iodine, 474
metallic ions, 481-82
neptunium, 480-81
niobium, 473-74
nitric acid, 478-79
plutonium, 467-71
plutonium (III), 468
plutonium (IV), 468
plutonium (vi), 468
rare earths, 475.
ruthenium, 473
uranium, 462-67
uranium X1 and X2, 479-80
zirconium, 473-74

Distributors, solvent-extraction
columns, 1206

Diversion boxes, 1019-20, 1507-8
Dosage rate - see Radiation in-

tensity
Downdraft dissolving, 305-6
Dual-purpose column, definition,

511
Dual-scrub column, definition, 511

ELECTRICAL CONNECTORS, 1506
Electrical power distribution, 1112-13
Emulsions

effect on column operation, 583-86,
614

Emulsion-type column operation, 530
Energy level, 2003

effective mean, 2014
Engineering flow diagrams, 1121
Entrainment

plutonium concentrators, 719-20,
723, 726-27

pulse columns, 584, 615
uranium concentrator, 708-10, 714-15

Equilibrium (also see Distribu-
tion ratios)

distribution ratio, 404
plutonium-tributyl phosphate,

406-8
uranium-tributyl phosphate,

4o6-8, 462-63
Equilibrium diagram (also see op-

erating diagram)
platonium, 471
uranium, 467

Equilibrium line, definition, 513
Equipment - see Process equipment

and specific entries
Equipment disposal facility, 1120
Explosion protection, 2202-7
Explosive limits

definition, 2202
diluent, 2203-4
hydrogen, 2205
kerosene, 436

Extraction
definition, 403, 510
heat of extraction, 461

Extraction factor
definition, 409-10, 514
effect on H.E.T.S. and H.T.U.,

514, 516

FEED (HAF) ADJUSTMENT, 313-14
procedure, 316

Feed centrifugation, 311
Feed Centrifuge, 1316-17
Feed preparation, 111, 302-18

centrifugation, 311
- chemical adjustment, 313

clarification, 311
effect of processing rate on
procedure, 316-17

head-end treatment, 311-13
off-gas treatment, 308-11
off-standard conditions, remedies,

317-18
procedure, 314-18
process flow diagram, 302, 314
slug dissolution, 304-7
slug jacket removal 302-4

Ferrous ammonium sulfate, 455-57
physical properties, 455-56
stability, 456-57
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Ferrous iron, analytical determina-
tion, 1810 -

Ferrous sulfamate, 453-55
chemical properties, 453-54 -
distribution, 811-12
physical properties, 453
reduction of plutonium, 449-50
stability;' 453-54

Ferrous sulfamate preparation, 808-9
Fiberglas filters, 310-11- 1033-34,

1115, 1313
Filters

off-gas, 310-11, 1033, 1313
ventilation air, 1115-16, 1033-34

Filtration -

gaseous wastes, 1031-32 -
ventilation air, 1032, 1115-16

Final Plutonium Decontamination
Cycle, 113-14, 607-9

alternate flowsheet, 114
flow control, 608
process description, 424-26
process flow diagram, 602
steady-state operation, 608

Final Uranium Decontamination Cycle,
113, 606-7

process de-c-ription, 423
process flow diagram, 602
steady-state operation, 607

Fire and explosion protection, 123,
2202-7 -

Canyon, 1106 -

Plant orecautions, P204-5, 2206-7
Fire point, definition 2202
Fission, 204-5 -

Fission, energy release; 205
Fission-product distribution ratios

(see also Distribution ratios),
471-77

Fission-productradioactivity
calculation, 211-17 --
variation with irradiation history,

217-18
Fission products

aasorption in soil, 1027
chemistry of dissolution, 307
decay, 205-6, 209, P15-17
decay during "cooling", 215-16
decontamination in HA Column,

415-16

a
Fission products (cont.)

decontamination in HC Column, 419
decontamination in pulse columns,

566-79
formation and fission yield, 208-9
mass transfer (scrubbing), 567-68
measurement of radioactivity, 210
properties of process importance,

109-10, 210-11
radioactivity in dissolver off-gas,

308
radioactivity in Purex feed metal,
217-18

Fission yield, 208
Flash point
analytical determination, 1810
definition, 2202
diluent, 2203
tributyl phosphate, 2203
tributyl phosphate-diluent, 439, 2203

Flooding
definitions, 511
detection, 581, 613
remedy, 614

Flooding capacity
definition, 511
effect of design variables, 537-41
effect of operating variables, 532-37
effect of physical properties of

liquids, 535-36
effect of wetting characteristics of

cartridge, 538
Flow diagrams'- see Process flow dia-

grams
Flow measurement and control, 1704-10,

1735-36
Flow meters

displacement meters, 1709-10
electronic rotometer,1704-5
head-above-orifice flow meter (flow

pot), 1707-8
metering pumps, 1708-9
orifice meter, 1706-7
pneumatic rotometer, 1706

Flow rate (also see Volume velocity)
effect on apparent density, 580-81

Flow ratio
effect on H.T.U. and capacity, 535,

556, 558-59
minimum in A-type columns, 528-29

a
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Flow ratio (cont.)
minimum in C-type columns, 529
pinching, 516, 527-28

Flowsheet
alternate, 115-16 - -
alternative plutonium decontamina-

tion cycle, 114
decontamination factors, 110
effect on decontamination -perfor-
mance, 576-77

HW #3, 110 -
HW #4, 116
low-acid vs. high-acid, 576-77
reflux, 426
stream designations, 110-11

Fluorothene, 1611-12 - c .
applications in the Purex Plant,

1612
radiation stability, 1611-12

Fractionator - see-Vacuum Fraction-
ator

Frequency
effect on capacity, 530-32, 555-56,

558-
effect on D. F., 574
effect on H.T.U., 532-33, 555-56, 558

GAMMA RADIATIONS, 1903, 2003
attenuation theory and principles,

2007-13
initial intensity, 2005 -
intensity cal-ulations, 2015-19 -

Gamma Bay Spectrometer (GnS), 210
Gamma Scintillation Counter (GSC),

1811-12, 210 - -
Gang valves, 1410-11
Gas samplers, 1808-9
Gas-transfer jets, 1409-
Grabber, 1507
Gross beta, analytical determination,

1810

HA COLUMN (see Column HA)
Hanford Atomic Products Operation

geology of site, 1026-27
production-area layout, 1102

Hazards other than radiation, 2201-15
Hazards, radiation, 1-901-18
HC Column (see Column HC)
Head-End Contrdl Room, 1109

Head-end treatment
ruthenium volatilization, 313
scavenging zirconium-niobium, 313

Health Monitor Stations, 1908
Heat of extraction, 461
Heat of stripping, 461-62
Height equivalent to a theoretical

stage - see H.E.T.S.
Height of a transfer unit - see

H.T.U.
H.E.T.S.

calculations, 519-21, 523-24
definition, 513
relation to H.T.U., 516

Hot Shop, 1509
H.T.U.

calculations, 521-23, 524-26
definition, 514-16
effect of design variables, 537-41
effect of operating variables,

532-37
effect of physical properties of

liquids, 536
effect of solute concentration,

535
effect of wetting characteristics

of cartridge, 538
Hydrogen
evolution during feed preparation,

2405
evolution during ferrous sulfamate

preparation, 2406 '
explosive limits, 2405

Hydrogen ion concentration -see pH

IGNITION TEI1MPEATuRE
definition, 2202
'kerosene, 436

Impact wrench, 1506-7
"Inextractable" uranium and plutoni-

um, 582
In-line chemical instrumentation,

1718-19
Instruhent identification symbols,

1702
Instrumentation, 1701-45

column interface control, 1710-15,
1726-28, 1730-31,.1735-37

control rooms, 1703
controlled elements, 1740-43

2408
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Instrumentation (cont.)
Dissolver and off-gas systems,

1721-23
electric-to-pneumatic converters,

1733-34
electrical transmitters, 1730-33
flow measurement and control,
1704-10, 1735-36

in-line monitors, 1718-19
instrument engineering flow dia-
grams, 1121

liquid-level measurement and con-
trol, 1710-13, 1734-38

panel boards, 1703
plutonium concentrators, 1724-25
pneumatic transmitters, 1726-30
process stream color code, 1703
Purex-Plant instruments, 1702-3
purge-type pressure instruments,

1710-13
radiation counting, 210, 1811-17
radiation monitoring instruments,

1716-18, 1732-33, 1734, 1908-9,
1910

receiving and controlling ele-
ments, 1734-40

special systems, 1721-26
temperature measurement and con-

trol, 1715-16, 1734, 1736-38
uranium and acid concentrators,

1723-24
Waste Rework Tank, 1725

Interface foam, 583-84
Interface location, effect on de-

contamination performance, 577
Interface measurement and control,

1710-15, 1730-32, 1736-38
Interfacial tension, 457, 458-59

effect on column H.T.U. and capac-
ity, t35-36

Iodine
analytical determination, 1810
distribution ratios, 474
evolution during HAF chemical

adjustment, 314
evolution from Dissolver, 308
removal from off-gas by Silver

Reactors, 309-10, 1030-32
Ion-exchange plutonium decontamina-

tion, 427-28
Iron powder, flowsheet requirements,

803

Wm
Iron, total

analytical determination, 1810
"Irreversible" extraction, 571-72

JACKET REMOVAL - see Slug jacket re-
moval

Jets, 1408-11
controllers for, 1410-11

KRYPTON, evolution from Dissolver,
308

LABORATORY - see Analytical and Con-
trol Laboratory

Liquid-transfer jets, 1408-9
Louver plates, 1204

effect on H.T.U. and capacity,
540-41

MAINTENANCE - see Remote maintenance
Mass and energy equivalents, 205-6
Master Crane, 1104, 1502-3
Materials of construction - see Con-

struction materials
Mean-free path, 2010, 2011, 2013
Microphones, 1721
Mixer-settlers, 506-8
Mixer-settler-type column operation,

530
Monobutyl phosphate properties, 432-33,

434-35

NEPTUNIUM
distribution ratio, 480-81
extraction in HA Column, 417

Neutralizer, operation, 1044-45
Neutron reactions, 204-7
Niobium

analytical determination, 1810
distribution ratio, 473-74

Nitric acid
analytical determination, 1810,
choice of virgin or fresh, 807-8
complexing with tributyl phosphate,

478
distribution ratios, 478-79
extraction in HA Column, 416
flowsheet requirements, 803
handling hazards and precautions,

2210
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Nitric acid (cont.)
operating diagrams, 526
physiological effects, 2209-10
recovery - see Acid recovery
routing, 807-8, 810-11
sources and storage, 80, 807-8
tolerance concentrations, 2210

Nitric acid fractionation - see
Vacuum Fractionator

Nitric acid proportioning system,
1725-26

Nitrite treatment of 2DF
effect on decontamination per-

formance, 578
Nitrogen oxides
handling hazards and precautions,

2211-12
physiological effects, 2210-11
tolerance concentrations, 2211

",Nitrous fumes" - see Nitrogen
oxides

Nozzle plates
effect on H.T.U. and capacity, 541

Nuclear reactions, 204-8
fission, 204-6
formation of plutonium, 206-7
mass and energy relationships, 205

O-TYPE COLUMNS - see Column O,
Column 20, and Columns, 0-Type

Off-gas (see Dissolver off-gas)
Off-gas equipment, 1311-13
Off-Gas Filters, 1313
Off-standard condition remedies
acid absorption, 1042-43
acid concentration, 1040-42
feed preparation, 317-18
plutonium concentration, 726-28
solvent extraction, 612-16
uranium concentration, 713-15
vacuum fractionation, 1043-44
waste disposal, 1046

Off-standard streams rework, 118,
617-18, 1013-14

Operating diagrams
acid absorption, 1009-11
construction, 517-29
fission products, 568
plutonium concentration, 721-22
Purex column, 526

Operating diagrams (cont.)
tributyl phosphate steam strip-
ping, 707

vacuum fractionation, 1012-13
Operating line (also, see Operating

diagrams)
definition, 513
derivation for Purex columns, 517-

19
Operating problems, pulse columns,

582-87
Orifice-meters, 1706-8
Oxidation potentials, plutonium,

449-50

PACKED COLUMN, 508-9
Packing'design, 1204
Pair production, 2009
Panel boards, 1703
Partition Cycle, 112-13

effect of production rate on flow
ratio, 606

flow control, 606
procedure, 604-6
process discription, 419-23
process flow diagram, 602
steady-state operation, 605

Periscopes, crane, 1503
pH
analytical determination, 1810
in-line measurement, 1720, 1732, 1734
uranium nitrate-nitric acid-water

systems, 446
Phase dispersion

emulsion-type, 530
mixer-settler-type, 530

Photoelectric absorption, 2008
Photoredubtion of plutonium, 451-52
Physical property determinations, 1810
Ibysiological effects of process chem-

icals, 2207-14
Pile, 208
"Pinching" flow ratio, definition, 516
Pipe and Operating Gallery, 1107-8

tanks, 1308
Pipe connectors, 1506
Pipe Trench, 1104-5, 1105-6
Pipetter, remote, 1805
Plastic construction materials, 1610-12



Plutonium
analytical determination, 1810
chain reactions, 2302
chemistry in concentration step,

718-19
chemistry of dissolution, 306-7,

2411

314
chemistry of HAF chemical adjust-

ment, 314
complexing with tributyl phos-

phate, 406-8, 467
content in irradiated slugs, 207
content in liquid wastes, 1004
critical mass, 2302-6
cross-over oxidation, 423-24
decontamination by ion exchange,

427-28
distribution ratio, 467-71
equilibrium with tributyl phos-

phate, 4o6-8
extraction in HA Column, 413-14
formation from uranium, 206-7
formation of isotopes, 207
in-process inventory, 123
operating diagrams, 526
per cent recovery in Plant, 104
Plant processing capacity, 104
uroduct composition, 105-6, 716-

718
product impurities, 106
properties-of process importance,

109
reflux flowsheet, 426
specifications, 105-6, 607

Plutonium concentration, 715-28
concentrator safety devices, 724
de-entrainment, 720, 722 -
equipment description,-719, 720-

721, 1318
off-standard conditions, detec-
tion and remedies, 726-28

physical properties and composi-
tions of solutions, 717-18

precipitate dissolution, 719, 728
procedure, 723-28
process description, 720, 721-22
product sampling and packaging,

722-23, 726
steam stripping, 720
variation of Pu concentration with

pile exposure level, 716

00

Plutonium Concentrators, description,
720-21, 1318

Plutonium (IV) polymer, 452-53, 718-19
Plutonium nitrate aqueous solutions

chemical properties, 448-53
disproportionation, 450-51
gas evolution, 452
oxidation potentials, 449
oxidation-reduction, 449-51
photoreduction, 451-52
physical properties, 448
Plutonium (IV) polymer formation,

452-53
radiation stability, 451-52

Plutonium product solution
properties and composition, 105-

106, 716-18
specifications, 105-6, 607

Plutonium reflux flowsheet, 114
Plutonium Stripper, description, 719,

1318
Pool Cell, 1509
Pressure drop in pulse columns, 1215
Pressure effects in pulse columns,

1214
Pressure gages, 1715, 1734-35
Pressure instruments

use, 579-82
Process engineering (solvent extrac-

tion), 501-94
Process equipment (also see specific

entries)
Class I vessels, 1302, 1303-4
Class II vessels, 1302, 1304-5
Class III vessels, 1302, 1305
classification, 1302
design considerations, 1303-5

Process flow diagrams, 1121
acid recovery and waste disposal,

1005
aqueous make-up, 803
feed preparation, 302, 314
solvent extraction, 602
solvent treatment, 913 -

Process Stack, 1034
Processing Bui]3ing, 202-A, 1104-15
Canyon, 1104-7
galleries, 1107
laboratory, 1109
layout, 119-20, 1104
Product Removal Room, 1107



Processing Building, 202-A (cont.)
service areas, 1108-9
shielding, 120-21, 2020-22
utilities, 1110-13
ventilation, 123, 1113215

Product Removal (PR) Can
description, 722-23) 1319
filling, 726

Product Removal (Pr) Room, 1107
samplers, 1808

Product Removal Vault, 1107
Product removal -vessels, 1318-20
Protective clothing, 1911

contamination limits, 2115
Protective coatings, 1612-15

applications in the Purex Plant,
1612-13

decontamination, 2114
epoxy-based, 1614
repair and decontamination by
painting, 1614-15 -

vinyl -based, 1613-14 -
Pulse amplitude - see AmpIitude
Pulse columns (see also Columns,

solvent-extraction), 509-89,
1201-17

basic principles, 509-10 -
cavitation, 1213-15- - -
fission-product decontanination,

566-79
performance characteristics, 529-

532 - -
phase-dispersion patte-rns, 529-

530
pulse transmission, 586-87, 1213
scale-up factors, 539-41
variables affecting performance,

529-41, 554-66
Pulse-column variables, 52941

design variables, 537-41
operating variables, 532-37

Pulse frequency, definition, 512
Pulse generators

description, 1210-13 -

design basis, 553-54, 1210
Pulse leg - see Pulse transmission

lines -
Pulse transmission, 586-87, 1213
Pulse transmission lines, 1213-15

cavitation calculations, 1213-15
design basis, 1213

2412 a
Pulse transmission lines (cont.)

dimensions, 1215
Pulse wave shape

effect on H.T.U. and capacity,
541

Pulsed volume velocity, 512-13
Pumps, 1407-11
Canyon service, 1402-6
metering, 1708
non-Canyon service, 1406-8

Purex Plant (also see specific
entries), 1101-22

area layout, 118
breathing air system, 1111
capacity, 103-4
capacity with EW #4 Flowsheet,

_ 116
chemical requirements, 123
critical mass control, 2306-11
design basis, 103-4
electrical power distribution,

1112-13
equipment drawings, 1121
facilities list, 119
filtered water system, 1112
function, 103-8
general description, 1102-21
general facilities, 1103-4
in-process inventory, 123
instrument air system, 1111
layout, 1102-4
master drawing list, 1121
outside facilities, 1115-20
piping drawings, 1121
Processing Building,202-A, 119-

120, 1104-15
raw water system, 1111-12
rework of off-standard streams,
' 118, 617-18, 1013-14
service air system, 1111
special features, 120-23
steam system, 1110
waste storage requirements, 123

Purex process
acid recovery and waste disposal,

114-15, :001-49
aqueous make-up, 801-13
basic principles, 403-11
basis, 404-5
chemical requirements, 123
comparison to Redox process, 117.

0
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Purex process (cont.)
concentration of uranium and
plutonium, 701-29

engineering flow diagrams, 1121
feed preparation, 111, 301-22
flowsheet decontamination fac-

tors, 110
flowsheets, 103, 110, 115-16
principles, 108-18
process flow diagrams, 1121
solvent extraction, 111-14, 501-94
solvent treatment, 114, 901-20
stream designations, 110-11
waste storage requirements, 123

RADIATION
effects on the body, 1914-18
shielding, 2001-23
treatment of injuries, 1917
types, 1902-3, 2003
units, 1903-4, 2003-5

Radiation exposure limits, 1903-7
air contamination limits, 1905-6,

1913
drinking water contamination

limits, 1905-6
general.body exposure, 1904-5
hand and forearm exposure, 1905
personnel contamination limits,

1906-7
surface contamination limits,
1907

Radiat-ion hazards, 1902-18
Radiation intensity, 2003-19

at a receptor, 2007-19
initial, 2003-7

Radiation intensity calculations,
20l4-19

Radiation monitoring
environs, 1914
equipment, 1907-9
Health Monitor Stations, 1908
instruments, 1716-18, 1732-33,
1734, 1908-9, 1910

operating areas, 1907-9
personnel, 1909-13
stack gas, 1913-14
ventilation air, 1912-13

Radiation monitoring methods, 1907-
1914

Radiation protection standards, 1909-
1910

Radiation stability
diluents, 437
fluorothene, 1611-12
plutonium solutions, 452
teflon, 1610-11
tributyl phosphate, 430

Radiation Zones, 1907
Radioactivity

calculations, 211-17
conversion of units, 215
feed metal, 217-18
liquid wastes, 1003
measurement, 210
units, 209-10, 2003-5

Radiochemical determinations, 1810-
1812

Railroad Tunnel, 1105
shielding, 2020

Bad, 1904, 2005
Rare earths, distribution ratios, 475
Raschig rings

effect on H.T.U. and capacity, 532,
541

Reactors. 208
Recorder controllers, 1736-38
Reducing agents, 449-50, 453-57
Reflux, definition, 512
Reflux flowsheet, 426
Reflux of uranium in HA Column, 412
Regulated Shop, 1509
Rem, 1904.
Remote connectors, 1505-6
Remote maintenance, 121-22

Crane Maintenance Platform, 1510
Decontamination Cell, 1509
Hot Shop, 1509
Pool Cell, 1509
Regulated Shop, 1509
removal of "hot" equipment, 1508

Remote operation, 121
Remote operation and maintenance (see

also Remote maintenance), 1501-10
cranes, 1502-5
diversion boxes, 1507-8
grabber, 1507
impact wrench, 1506-7
principles, 1502
remote connectors, 1505-6

S
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Remote operation and maintenance
(cont.)

removal and repair of equipment,
1508-10

Remote pipetter, 1805
Rep, 1904, 2005
Rework of off-standard process

streams, 118, 616-18, 726, 1013-
1014

Roentgen, 1903, 2004
Rotometers

electronic, 1704-5
pneumatic, 1706

Ruthenium
analytical determination, 1810
distribution ratios, 473
volatilization, 313, 1008, 1041

SAFETY
critical mass control, 122, 723,

1209, 2301-12
decontamination of surfaces,

2101-16
fire and explosion protection,
123, 1106, 2201-7

health protection from radiations,
1901-18

physiological effects of process
chemicals, 2207-14

radiation intensities and shield-
ing, 2001-23

Salting, 408-9
Salting agent

choice, 409
cost reduction by use of nitric
acid, 1002 -

Sample Gallery, 1107, 1108
samplers, 1802-9

Sample stations, 1802
Samplers, 1802-9

A-type, 1803-5
B-type, 1805-7
C-type, 1807-8
gas, 1808-9
P-1, 1808
stack-gas, 1913-14
ventilation air, 1912-13

Sampler jet, 1409, 1804
Sampler jet and cup assembly, 1804
Sampling, 1802.9 -

general description of facilities,
1802-3

2414 aMN
Scale-up factor, 539-40
Scattering, gamma radiation, 2011-

2013
Schmidt Number, 536
Scrubbing, definition, 511
Scrub section

design, 566-74
effect of height on decontamina.

tion factor, 574-75
Self-concentration of liquid wastes,

447, 1004, 1020-24
"bumping" in tanks, 1022
degree of concentration, 1022-23
rate of heat generation, 1020-22

"Shad-roe" emulsion, 584
Shielding, 2001-23

A-type sampler, 1803-4
apertures, 2021
calculations, 2014-19
Purex Plant, 2020-22
theory and principles, 2007-13
waste storage tanks, 1018

Sieve plates
description, 1203-4
fluorothene, 1204
stainless steel,'1203
effect of design on performance,

538-39
Silica-gel uranium decontamination,

427-28
Silver Reactor

chemistry of iodine removal, 309-
310, 1030-31

Dissolver off-gas system, 1313
regeneration, 310
vessel-vent, 1320

Simple column, definition, 511
Simple contact extraction, 503
Simple multistage extraction, 504
Sky shine, 2012-13
Slave Crane, 1104, 1503-4
Slugs, 104, 202-3

alternate types, 203
"cooling" time, 210
dimensions and composition, 202
fabrication, 202-3
fission-product decay during

"cooling", 215-16
handling procedure, 218-19
irradiation time, 210
radioactivity variation with ir-
radiation history, 217-18

0
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Slugs (cont.)
storage basin, 219

Slug carrier
description, 1310-11
shielding, 2020

Slug dissolution, 304-7
chemistry of fission products,

307
chemistry of plutonium dissolu-
tion, 306-7, 314

chemistry of uranium dissolution,
305

nitric acid consumption, 306
nitrogen oxide recovery, 305-6
procedure, 315

Slug jacket removal
acid, 304
caustic, 302-4
disposal of wastes, 1023-24
procedure, 315

Slug storage basin, 1105
Sodium
analytical determination, 1810

Sodium carbonate
flowsheet requirements, 803

Sodium hydroxide
analytical determination, 1810
flowsheet requirements, 803
handling precautions, 2213
physiological effects, 2213
solution make-up and distribu-
tion, 811

storage, 811 .
tolerance concentrations, 2213

Sodium nitrate
analytical determination, 1810
flowsheet requirements, 803
handling precautions, 2207, 2214
solution make-up and distribu-

tion, 311
Sodium Nitrate Storage, 2714-A, 1117
Sodium nitrite
analytical determination, 1810
flowsheet requirements, 803
solution make-up and distribu-

tion, 811
Solubility

dibutyl phosphate in water, 434
diluent in water, 437
ferrous ammonium sulfate in water,

Solubility (cont.)
ferrous sulfamate in water, 453
plutonium nitrate in water, 448
sulfamic acid in water, 454
tributyl phosphate in aqueous solu-

tions, 442-43
uranyl nitrate in aqueous solutions,

444
Solvent

choice of, 405
flammability properties, 2203-4
handling hazards and precautions,

2204-5, 2208-9
physiological effects, 2208-9
tolerance concentrations, 2208, 2209
uranium saturation in, 408

Solvent building - see "Cold" Solvent
Building, 276-A

Solvent centrifugation, effect on de-
contamination performance, 578

Solvent Centrifuge, 1316-17
Solvent-extraction

basic principles, 403-4,, 503-17
calculations, 517-26
chemical variables, 403-29
definition 'of terms, 510-16
equipment types, 505-9
flowsheets, 111-14
process chemistry, 401-99
process description, 403-29
process engineering, 501-94
process flow diagrams, 602

Solvent-extraction columns - spo Columns,
solvent-extraction an pulse columns

Solvent-extraction performance
measurement, 513-16
variables affecting, 409-11, 532-41,

554-65
Solvent-extraction procedure, 601-18
Solvent impurities

diluent reaction products, 903-4
entrainment, 905-6
fission-product activity, 904-5
tributyl phosphate degradation products,

902-3
uranium and plutonium, 905

Solvent treatment, 114, 901-14
alternate system, 907
centrifugation, 911-13
effects of operating ioriditions, 910-11

AM.& -
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Solvent treatment (cont.)
flowsheet, 114
methods, 906-7
off-standard operating conditions,

detection and remedy, 916-19
procedures, 913-19
process chemistry, 908-10
process flow diagrams, 913
solvent impurities, 902-6
solvent recovery, 914-15
start-up and shutdown procedures,

915-16
Solvent washing, 906, 907-11
Specifications

plutonium product, 105, 607-8
uranium product, 106-8, 606-7

Specific gravity (also see Density)
analytical determination, 1810
tributyl phosphate, 429

Specific gravity, apparent
effect of flow rate and pulsing

conditions, 580-81
measurement in columns, 579-80

Specif1 - gravity instruments, 1710-13,
1736-38

Speciiic-gravity tube, 1805
Spray column, 508-
S.P.R.U. mixer-settler, 506-8
Stack, 1034
Stages

calculation of H.E.TS., 519-21,
523-24

definition of a theoretical stage,
513-14

Purex column requirements, 526-27
Stainless steel

applications in the Purex Plant,
1603-4 -

corrosion phenomena, 1605-7
welding, 1604-5

Stainless-steel corrosion, 1605-7
Acid Absorber, 1609
at the welds, 1605
concentrators, 1607-8
rates, 1607, 1608, 1609
Vacuum Fractionator, 1609-10

Storage Gallery, 1107-8
Strainers, 1320
Stream designations, 110-11
Stripping, definition, 403, 511
Stripping

heat of stripping, 461-62

$0

Sulfamic acid, 454-55
chemical properties, 455
flowsheet requirements, 803
for ferrous sulfamate make-up,

803, 808-9
physical properties, 454

Sulfuric acid
handling precautions1 2213
physiological effects, 2212
tolerance concentrations, 2212

Surface tension, 457-58
Surface-wetting characteristics,

459

TACHOMETERS, 1721
Tanks, "cold", 1307-10, 1320-21

Aqueous Make-Up Facility, 1307
chemical storage, 1309-10
"Cold" Solvent Treatment Build-

ing, 276-A, 1308-9
Pipe and Operating Gallery,

1308
Recovered Acid Vault, 1309

Tanks, "hot", 1305-7, 1311,
1319-20

Canyon area, 1305-7
Dissolvers, 1311
product removal, 1318, 1319-20

Teflon, 1610-11
Television system, 1503
Temperature

effect on H.T.U. and capacity,
536-37, 556, 559

Test wells, 1020
Thermometers, 1715-16
Transfer unit
definition, 410, 514-16
Purex column requirements,

526-27
Tributyl phosphate (TBP)

analytical determination, 1810
chemical properties, 429, 430-

434
complexing with uranium and
plutonium, 406-8

degradation, 431-33, 703-4,
902

equilibrium with plutonium,
406-8

equilibrium with uranium,
406-8

flammability properties, 2203
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Tributyl phosphate (TBP) (cont.)
handling hazards and precautions,

2208
hydrolysis, 431-433, 703-4
nitric acid reaction, 433-34, 704
physical properties, 429, 430
physiological effects, 2208
radiation stability. 430
rapid nitration operation safe-

guards, 1007
rapid reactions, 433-34, 704
spccifications, 429
uranyl nitrate reaction, 431934

Tributyl phosphate-diluent
physical properties, 4 6-40

Tributyl phosphate-diluent-uranium
nitrate-nitric acid systems,
physical properties, 440-43

Tributyl phosphate stripping
plutonium product stream, 720
uranium concentration, 707-8

UNDERGROUND STORAGE TANKS, 1118
corrosion, 1024
design temperature, 1024

Underground Storage Tank Farm, 241-A
(also see Waste disposal), 1016-24,
1118

thermocouple installation, 1024
Uranium
analytical determination, 1810
chemistry of dissolution, 305
complexing with tributyl phosphate,

406-8, 462-63
content in liquid wastes, 1004
decontamination with silica gel,

427-28
distribution ratios, 462-67
equilibrium with tributyl phosphate,

4o6-8, 462-63
extraction in HA Column, 412-13
in-process inventory, 123
isotope content of slugs, 210-11
nuclear reactions, 204-8
operating diagrams, 526
per cent recovery in Plant, 104
Plant processing capacity, 103-4
product composition, 106-8
product impurities, 107-8
product specifications, 106-8,606-7
properties, 304
properties of process importance,

108-9
ref lux in HA Column, 412

Uranium (cont.)
saturation in scivent, 408
stripping in HC Column, 417-18

Uranium concentration, 702-15
concentrator safety devices, 711
de-entrainment, 708-10
equipment description, 704-5
off-standard conditions, remedies,
713-15

physical properties and composi-
tions of solutions, 702-3

procedure, 710-15
process description, 705-7
"red oil" formation, 704
steam stripping, 707-8
tributyl phosphate hydrolysis,

703-4
Uranium concentrators, 704-5, 1313-

14
Uranium distribution ratio

analytical determination, 1810
Uranium nitrate, aqueous solutions

chemical properties, 444. !46
physical properties, 444-47

Uranium product specifications,
106-8, 607

Uranium saturation of solvent phase
effect on decontamination perform-
ance, 576

Uranium Storage Tank Farm, 203-A,
1117-

tanks, 1309-10
Uranium transfer rate
analytical determination, 1810

Uranium X1 and X2
distribution ratio, 479-80
extraction in HA Column, 417
stripping in HC Column, 419

VACUUM FRACTIONATOR (also see Acid
recovery)

chloride removal, 1013
corrosion, 1609-10
description, 1011, 1316
operating diagram, 1012-13
operation, 1039

Vacuum Fractionator Building, 1120
Valves, Hammel-Dahl air-operated,

1740-42
Vapor pressure

ailluent, 436
tributyl phosphate, 430
tributyl phosphate-diluent, 440

Variable-flow jets, 1409-10

V-2iaMNIS
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Ventilation air
exhaust fans, 1034
filtration, 1032 -
Process Stack, 1032, 1034

Ventilation system
exhaust fans, 1116
filter, 1115-16
Laboratory, 1114
sampler exhaust, 1114
Process Stack, 1116 -
Processing Building, 202-A,

1113-14, 1115-16
Product Removal Room, 1115

Vessel Vent Silver Reactor, 1320
Vessel vent system, 1107
Vibration meter, 1721
Viscosity

effect on column H.T.U. and capacity,
535-36

tributyl phosphate-diluent, 439
uranyl nitrate-nitric. acid-tributyl
phosphate-diluent systems, 442

uranyl nitrate-nitric acid-water
systems, 445-46

Volume velocity
definition, 512
effect on D.F., 575-76
effect on H.T.U., 533-35, 555-56, 558

WASTES (also see Waste disposal)
radioactivity of liquid wastes, 1003
volumes of liquid wastes, 1003

Waste concentration - see Acid recovery
and Self-concentration of liquid
wastes

Waste disposal (also see Acid recovery and
waste disposal), 1002-5, 1014-35,
1044-46

coating removal wastes, 1023-24
dry wastes, 1035
gaseous wastes, 1.029-34
ammonia scrubbing, 1032-33
disposal through stack, 1032
disposal methods, 1004
filtration, 1031-32
fission-product content, 1029-30
iodine removal, 1030-31
radioactivity, 1004
volumes. 1004

Laboratory wastes, 1034-35
liquid wastes, 1014-29

disposal methods, 1003
plutonium content, 1004

Waste disposal (cont.)
liquid wastes (cont.)
radioactivity, 1003
self-concentration, 447,

1004
storage requirements,

123
uranium content, 1004
volumes, 1003

liquid wastes, high-activity,
1015-24

neutralization, 1015-16
process flow diagrams; 1015
properties, 447
self-concentration, 447,

1020-24
storage facilities, 1016-
20

liquid wastes, low-activity,
1025-28

basis for selection of
disposal method, 1025-26

course of caverned wastes,
1026-27

liquid wastes, negligible-
activity, 1028-29

off-standard conditions, de-
tection and remedies,
1046

procedures, 1044-46
test wells, 1020

Waste storage facilities - see
Underground Storage Tank
Farm,241-A

Water Demineralizer
description, 1320-21
operating cycle, 806-7

Water, demineralized - see
Demineralized water

Water systems
demineralized, 804, 810, 1112
filtered, 1112
raw, 1111-12

Weight-factor instruments,
1710-13, 1734-35

Wobble meter, 1721

XENON, evolution from Dissolver,
308

ZIRCONIUM
analytical determination, 1810
distribution ratio, 473-74

9
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